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Abstract

ANOVA, and chi-square test were used for data analysis.

compromising the conservation of birds.

Background: Bahir Dar International Airport and its surrounding habitats are known for their rich avifaunal diversity,
which results in bird-aircraft collisions as a fundamental problem in the area. A study on bird diversity and bird-aircraft
strikes at Bahir Dar International Airport was conducted between February 2020 and August 2020. Based on its
vegetation structures, the study area was classified into four habitat types namely; bushland, grassland, wetland, and
modified habitats. Transect and point count methods were used to collect data on avian diversity and abundance.
Questionnaire surveys, interviews, and document analysis were used to gather information about incidents and
protection measures against bird-aircraft strike problems. Shannon-Wiener diversity index, Simpson’s similarity index,

Results: A total of 80 avian species belonging to 15 orders and 40 families were identified in the study area. The
highest species diversity (H'=3.59) and species evenness (E=0.96) were recorded in modified habitats during the wet
season. Relative abundance categories of birds in the study area showed that most were uncommon birds. Birds pose
severe threats to aircraft in the airport and 92.3% of the respondents replied that most bird-aircraft strikes occurred
early in the morning and late in the afternoon when birds remain more active. The majority (88.5%) of questionnaire
participants confirmed that bird-aircraft strike incidents frequently occurred during the time of takeoff and landing of
the aircraft. It is also known that on average forty bird-aircraft collisions per year happen at the airport.

Conclusion: Bahir Dar International Airport is rich in its bird diversity that recalls the aviation authority to work in col-
laboration with different organizations to avoid bird-aircraft strike problems using different control measures without

Keywords: Aircraft, Bahir Dar, Bird strike, Shannon-Wiener diversity, Species evenness

Background

Birds are vital components of biodiversity, and they are
the best known and highly significant organisms in the
natural world [1]. They play a great role as bio-indicators
and biocontrol agents [2, 3]. Although birds occupy most
of the earth’s surface, the majority of them are found only
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in particular regions and habitats [4]. Topographic diver-
sity and variability of climate in Ethiopia contribute to its
rich avian diversity [5]. Moreover, millions of migratory
birds come to Ethiopia having flown all the way through
the eastern flyway which makes the country one of the
main corridors for migratory species. However, various
anthropogenic disturbances occurring in natural habitats
would affect the availability of various food items that
influence on diversity, abundance, and distribution of
birds [6].
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Ethiopia harbors over 860 species of birds and repre-
sents 9.5% of the World’s and 39% of Africa’s avian spe-
cies of which nineteen species are endemic to Ethiopia,
three are rare species, fourteen other species are shared
with Eritrea, and thirty-one are globally threatened [4].
Moreover, over 1230 Important Bird Areas (IBAs) have
already been identified in Africa of these, 73 being in
Ethiopia [1].

Different environmental variables including food,
temperature, and competition have been found to influ-
ence avian species diversity and abundance [4]. Urban
environments provide birds with considerable quanti-
ties of food and roosting sites [7], and airports are one
of the structural features of urban environments. The
natural environment and human activities inside and in
the immediate vicinity of airports provide a wide vari-
ety of natural and human-made habitats for birds that
offer them diverse food items, nesting and roosting
sites, shelter, and other facilities [8].

Bird-aircraft strike is a major hazard to the avia-
tion industry [9] and it is one of the serious concerns
for economic and flight safety reasons [10, 11]. The
first worldwide recorded fatality due to a bird-aircraft
collision occurred in 1912 [11, 12] and the incidents
were rare during the beginning of the aviation indus-
try, which resulted in slight damage [12]. However,
the number and frequency of bird-aircraft collisions
increased significantly over the last decades due to
an increase in the number of flight operations com-
bined with increasing numbers of birds of prey and
small gregarious bird species, especially during migra-
tion [1]. More than one hundred bird species have
been recorded to cause worldwide bird-aircraft strike
problems [13]. Generally, bird-aircraft strikes cause
an annual loss of about 1.2 billion USD in the global
aviation industry [7]. Ethiopian airlines annually lose
more than five million birr [>100 K USD] to main-
tain equipment damaged by bird-aircraft strikes [14].
For example, a flock of speckled pigeons collided with
Boeing-737 in 1988 at Bahir Dar International Airport
resulting in the death of more than 30 people and the
complete destruction of the aircraft [15].

The occurrence of birds at the airport depends on the
attractiveness of habitats within and around the airports
[16]. Bird-aircraft collisions are becoming a fundamental
problem, especially in areas where airports are closer to
water bodies, farmlands, grasslands, and damping sites
[11]. Therefore, the need for effective bird control meas-
ures at airports and their vicinity has increased through
the years. It is important that airport authorities show
due emphasis on protecting bird-aircraft strike problems
by employing effective bird control measures that are
appropriate for their situation [7, 12].
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There have been many studies conducted on avian
ecology in East African countries including Kenya,
Uganda, and Tanzania [17]. However, very few stud-
ies were conducted in Ethiopia [18]. Bahir Dar Inter-
national Airport and its surrounding areas have
bird-friendly habitats where diverse species of birds
exist that demand research on the extent of bird-air-
craft strike problems and its controlling measures.
Thus, the main objective of this study is to investigate
the avian diversity and bird-aircraft strikes at Bahir Dar
International Airport and recommend appropriate con-
trol measures to prevent the problem.

Results

Species composition

A total of 80 species of birds belonging to 15 orders and
40 families were identified at Bahir Dar International
Airport. Seasonal avian diversity showed that 79 and 69
species were recorded during the wet and dry seasons,
respectively, of which 68 species were common both
during the wet and dry seasons. But eleven species of
birds were recorded only during the wet season, while
one species was recorded only during the dry season
(Table 1).

The highest number of families were recorded for
the order Passeriformes (14 families) followed by
Charadriiformes (5 families), Pelecaniformes and
Bucerotiformes (4 families each), and the lowest was
recorded under the orders Anseriformes, Accipitri-
formes, Columbiformes, Coraciiformes, Ciconiiformes,
Gruiformes, Galliformes, Coliiformes, and Suliformes
(1 family each). Moreover, order Passeriformes had
the highest number of species (20 species), followed
by Pelecaniformes (13 species), Accipitriformes and
Columbiformes (7 species each), Anseriformes (6 spe-
cies), Bucerotiformes, Charadriiformes, and Piciformes
(5 species each), Coraciiformes and Ciconiiformes (3
species each), Musophagiformes (2 species), and the
other four orders were found to be with the lowest
number of species (1 species each) (Fig. 1).

In addition, the conservation status of birds was iden-
tified using International Union for Conservation of
Nature (IUCN) Red List and National Red List Data
Book. Among the total 80 species of birds recorded in
the study area, two species; wattled ibis (B. carunculata)
and black-winged lovebird (A. taranta) were endemic
to Ethiopia and Eritrea, one species namely the hooded
vulture (N. monachus) was critically endangered, and
two species i.e., tawny eagle (A. rapax) and Abyssinian
ground hornbill (B. abyssinicus) were vulnerable. Out of
the total species of birds recorded in the area, 14 species
were migrants and 66 were found to be residents.
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Fig. 1 Frequencies of species within each order
Table 2 Species diversity of birds in the four study habitats
Habitat type Seasons No of species No of individuals H’ Hmax E
Bushland Dry 29 1016 3.1 337 092
Wet 35 1184 334 3.55 0.94
Grassland Dry 21 947 2.78 3.04 0.91
Wet 29 1073 322 3.36 0.95
Modified habitat Dry 31 1145 3.20 343 093
Wet 42 1720 3.59 3.73 0.96
Wetland Dry 25 1239 2.94 3.22 091
Wet 28 1628 3.14 333 0.94

Key: H'=Shannon-Weiner deiversity index, Hmax =Ins, E= Shannon'’s equitability index

Species diversity

Avian species diversity varied among the four habi-
tat types. The highest species diversity (H"=3.59) was
recorded in modified habitats during the wet season
and the lowest (H"=2.78) was in grassland habitats
during the dry season. The highest species evenness
(E=0.96) was obtained in modified habitats during the
wet season, while the lowest (E=0.91) was in wetland
and grassland habitats during the dry season. The high-
est species richness (42 species) was recorded in modi-
fied habitats during the wet season and the lowest (21
species) was in grassland habitats during the dry season
(Table 2).

The overall avian diversity in the whole study
area showed that relatively more species diversity
(H"=4.14) and evenness (E=0.94) were recorded
during the wet season compared to the dry season
(Table 3).

Table 3 Specie diversity of birds in the whole study area during
dry and wet seasons

Seasons No of species No of H’ Hmax E
individuals

Dry 69 4347 3.89 423 092

Wet 79 5605 414 4.36 0.94

Abundance of birds

There were 5605 and 4347 individual birds recorded in
the study area during the wet and dry seasons, respec-
tively, and this showed that relatively the highest number
of individual birds were obtained during the wet season.
However, the overall abundance of birds in the area did
not show a significant difference between the two sea-
sons (F (1,146)=0.70; p>0.05). During the wet season,
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the abundance of birds showed significant differences
among the four habitat types (F (3,130) =4.44; P<0.05).
Birds’ abundance as a function of season and habitat type
has also confirmed that season and habitat are not related
(xX*4)=2, df=1; p=0.157). And the relative abun-
dance of avian species did not show a significant differ-
ence between the wet and dry seasons (F (1,146) =0.86;
P>0.05).

In addition, during the dry season, speckled pigeon
(C. guinea) with 365 individuals was relatively the most
abundant species in the study area followed by greater
blue-eared glossy starling (L. chalybaeus) with 267 indi-
viduals, and red-eyed dove (S. semitoruquata) with 218
individuals. During the wet season, speckled pigeon with
281 individuals was also relatively the most abundant
species followed by black-headed weaver (P. melanoceph-
alus) with 252 individuals, and great white pelican (2
onocrotalus) with 202 individuals. Thus, speckled pigeon
was found to be the most abundant species during the
two seasons. On average, relatively the most abundant
avian species during the dry and the wet seasons in their
decreasing order were speckled pigeon (n=323), greater
blue-eared glossy starling (n=227), black-headed weaver
(n=225), red-eyed dove (n=191), and great white peli-
can (n=189) (Supplemental Tables 2 and 3).

Species similarity

Simpson’s similarity index (SI) of avian species in the four
study habitats showed that the highest (SI=0.74) and
the lowest (SI=0.54) species similarity were recorded
between bushland and modified habitats during the wet
and dry seasons, respectively, (Table 4).

Bird-aircraft strike problems
A structured questionnaire was administered to
23(88.5%) male and 3(11.5%) female respondents. Pro-
fessionally, 20(76.9%) of the respondents were bird con-
trollers, 4(15.4%) officers, and 2(7.7%) section heads who
have years of work experience in the airport.

Of the total respondents, 21(80.8%) of them confirmed
that they have seen bird-aircraft collision incidents in
the airport. The problem was more frequent during the
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summer as it was supported by 17(65.4%) of the respond-
ents. The majority 24(92.3%) of questionnaire partici-
pants replied that most bird-aircraft strike problems
occurred early in the morning and late in the afternoon.

Regarding bird-aircraft strike occurrences, the major-
ity of respondents replied that they encountered dead
birds due to collisions with aircraft. It was also known
that forty bird aircraft collisions per year occurred at the
airport. The majority 23(88.5%) of the study participants
recalled that bird-aircraft strike incidents frequently
occurred during the time of takeoff and landing of the
aircraft.

Although 19 (73.1%) of the respondents replied that
the speckled pigeon (n=323) was the most problem-
atic avian species frequently causing bird-aircraft strike
problems at the airport, other species such as mara-
bou stork (n=44), yellow-billed kite (n=37), Egyptian
goose (n=2380), and tawny eagle (n=23) were also usu-
ally involved in the bird-aircraft strike incidents at the
same airport. Besides birds, other wildlife species such as
hyena (Crocuta crocuta), Ethiopian hare (Lepus starcki),
and common duiker (Sylvicapra grimmia) were also
involved in wildlife-aircraft strike problems.

There are different controlling methods used by the air-
port office to prevent bird-aircraft strikes. These include
selective removal of trees, mowing of grasses, survey-
ing of birds and other animals using vehicles, removing
birds’ nests around the airport, draining ditches of water,
using sounds of guns for large flocks of birds, discourag-
ing birds using whips, removing dead bodies and other
wastes, and establishing strong security fences along
the runway to prevent large land-dwelling animals. The
majority (73.1%) of the respondents confirmed that most
of the strike controlling measures include expelling birds
and other wildlife away from the airport area during
takeoff and landing of aircraft.

Discussion

A total of 80 avian species were identified in Bahir Dar
International Airport during the study period. This
showed that this airport is rich in its avifauna diversity
compared to similar airports in the other parts of the
country such as Mekele International Airport which

Table 4 Similarity of bird species among the study habitats during the wet and dry seasons

Habitats Bushland Grassland Modified habitat Wetland

wet dry wet dry wet dry wet dry
Bushland 1 1 0.64 0.65 0.74 0.54 0.64 063
Grassland - - 1 1 0.70 0.58 0.66 0.65
Modified habitat 1 1 0.64 0.57

Wetland

1 1
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harbors 68 avian species [19]. This might be due to differ-
ences in resource availability and proximity of the airport
to Lake Tana, one of the five Biosphere Reserves in Ethio-
pia [20].

Most species of birds in the Bahir Dar International
Airport are available in the area throughout the year.
However, there are some avian species that are observed
only during the wet season. This might be due to varia-
tions in food availability and weather conditions [21].
The highest number of avian species was recorded under
the order Passeriformes, which is in line with similar
research findings in other parts of Ethiopia [22-24]. The
modified habitat harbors relatively the highest number
of species throughout the year, which is also supported
by the findings of [23] that emphasize the presence of
diversified microhabitats in modified habitat contrib-
utes to this result. Moreover, the food shifting behavior
of birds when food is scarce during the dry season would
also result in an increase in avian diversity in the modi-
fied habitat.

The lowest avian species diversity was recorded in
grassland habitats during the dry season. This could be
associated with scarcity of food sources and the occur-
rence of various anthropogenic disturbances in grassland
habitat. This is also in line with the findings of [25] and
[26] who claimed that anthropogenic activities including
overgrazing, habitat degradation, and habitat fragmen-
tation eventually cause migration and local extinction
of birds. According to [27], avian species abundance is
directly or indirectly affected by spatial variation and
the degree of anthropogenic activities. Furthermore,
[21] reported that the distinct seasonality of rainfall and
variations in the availability of food sources contribute to
variations in the abundance of avian species between the
wet and dry seasons.

The highest avian species evenness was recorded in
modified habitats during the wet season, while the low-
est was in wetland and grassland habitats during the dry
season. This indicated that in modified habitat successful
avian species equally forage the available resources and
this contributes to relatively higher avian species even-
ness in this type of habitat. In contrast in wetland and
grassland habitats, feeding guild-specific bird species
out-compete the available resources and they become
dominant in the utilization of the available resources,
which contributes to reducing species evenness. The dif-
ferences in resource competition, breeding nature, for-
aging habit, and niche specialization among the distinct
species of birds in each habitat result in fewer species
evenness [28-30].

The highest and the lowest number of birds were
recorded in modified habitats and grassland habitats
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during the wet and dry seasons, respectively. This dif-
ference might be associated with variations in resource
availability among the different habitats. Moreover, the
difference in abundance of birds between the modified
and grassland habitats could also result in variation in the
degree of anthropogenic disturbances between the two
habitats. This result is similar to the findings of [21] who
reported that variations in the abundance of birds are
determined by food availability and breeding sites.

Relative abundance categories of birds in the study area
showed that most of them were uncommon birds since
out of the total 80 avian species identified in the study
area, only 12 species were frequent, but all other 68 spe-
cies were uncommon birds. This might be associated
with better niche specialization of the uncommon birds
in the area. Consistent with this result, [31] described
that the presence of uncommon birds in a certain area
might be due to the breeding nature, large home range,
and niche requirement of the species. The result of this
study is also in line with the findings of [32] who reported
that the majority of birds in Bole International Airport
were found to be uncommon birds.

The highest and the lowest avian species similarity
were recorded between the bushland and modified habi-
tats during the wet and dry seasons, respectively. The
similarity of avian communities between two different
habitats might be due to their geographical proximity,
similar ecology, and similar extent of disturbances in such
habitats. The lowest avian community similarity between
different habitats could be due to habitat-specific differ-
ences in foraging adaption and the response of birds to
different anthropogenic disturbances. The result of this
study is in line with the findings of [33] who described
that the similarity of avian species composition between
different habitats indicates a tendency for similar habitats
to have similar species composition. Hence, in the pre-
sent study, the highest and the lowest avian community
similarities between bushland and modified habitats dur-
ing the dry season might be influenced by differences in
seasonal variation in the two habitats.

The questionnaire and interview results about bird-
aircraft strike problems in Bahir Dar International Air-
port indicated that the majority of the respondents have
observed birds die from these strikes. It is also reported
that on average forty bird-aircraft strikes occurred annu-
ally in the airport. Although the strikes did not cause
considerable damage to the aircraft, a substantial number
of birds were found dead from these strike incidents. A
study conducted by [18] reported that thirty-six bird-
aircraft strikes per year occurred in Bole International
Airport. To minimize bird-aircraft strikes, the aviation
authority should use different bird-controlling measures
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in places where the competition for space between air-
ports and birds is the strongest [34].

The respondents of this study described that most
bird-aircraft strikes in Bahir Dar International Airport
took place during takeoff and landing especially early
in the morning and late in the afternoon. There seems
to be an association between the time of the strike and
the behavior of birds. This could be due to the occur-
rence of more aircraft traffic density and higher activ-
ity of birds during these times of the day. Similarly, [35]
reported that 93% of the collisions occurred during the
takeoff run, in the first phase of ascend, and in the final
stage of landing. This result is also supported by other
research findings [36] which described that bird-air-
craft strikes are most frequently occurring in the morn-
ing and in the evening when birds are more active in
foraging.

The respondents of this study also reported that most
bird-aircraft strikes in Bair Dar International Airport
occurred during the summer season. Besides the foggy
weather condition, food and other resources are more
abundant during summer which results in increasing
the size of the local bird population with a subsequent
increase in collision frequencies in the airport. This is in
line with the findings of [37] who described that the fre-
quency and distribution of bird-aircraft strikes had peaks
that coincided with the period of migration of birds. Like
other airports [9], bird-aircraft strikes in Bahir Dar Inter-
national Airport are a regular threat to flight operation.
Birds pose a real threat to flight safety although most col-
lisions do not end in catastrophes [12].

In Bahir Dar International Airport the most cata-
strophic and fatal bird strike incident that claimed the
lives of thirty-five people occurred in 1988. The major-
ity of birds that are known to cause aircraft strikes dur-
ing landing and takeoff in the airport include speckled
pigeons, marabou stork, yellow-billed kite, Egyptian
goose, and a tawny eagle in their decreasing order of
causing the strikes. Most bird-aircraft strikes in Bole
International Airport were also caused by the most abun-
dant bird species, the pigeons [18] as higher abundance is
positively correlated with the number of strikes. One of
the main factors for the increase in the frequency of bird-
aircraft strikes is increasing the number of birds in the
area [38, 39]. Similarly, in Bahir Dar International Airport
it is the speckled pigeon with relatively the highest indi-
vidual abundance that causes frequent bird-aircraft strike
problems. Moreover, other avian species such as the
greater blue eared glossy starling, black-headed weaver,
red-eyed dove, and great white pelican are often involved
in bird-aircraft strike incidents. On the contrary, spe-
cies with lower population sizes such as marabou stork,
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yellow-billed kite, Egyptian goose, and tawny eagle are
also considered to be problematic species regarding bird-
aircraft strike incidents in this airport. This showed that
the abundance of birds in the area is not the only factor
that has been correlated with bird-aircraft strike prob-
lems, but the behavioral activity of each bird might also
play a significant role in such incidents.

Besides birds, land-dwelling animals such as hyenas
and Ethiopian hares were also reported to pose strikes in
the airport during takeoff and landing of the aircraft. This
result is similar to the findings of [39] who described that
large ground-dwelling animals can cause problems to air-
craft operations and aircraft movements.

The main controlling measures for bird-aircraft strikes
used by Bahir Dar International Airport include expelling
birds away from the landing and takeoff areas. Thus, the
aviation authority office needs to use varieties of bird-
controlling measures including different scarring devices
and habitat management techniques to discourage birds
and other wildlife species from the airport vicinity.

Conclusion

Bahir Dar International Airport is known for its rich avi-
faunal diversity with a relatively high population size for
each species. This diverse avian species community is
because of the availability of different habitats and suf-
ficient resources. More importantly, the proximity of
Bahir International Airport to Lake Tana and associated
wetlands enables the area to harbor relatively high avian
species diversity. However, habitat changes due to vari-
ous anthropogenic activities notably livestock grazing,
and expansion of farmlands have negatively affected the
diversity and abundance of birds in the area.

The findings of the present study revealed that most bird-
aircraft strikes occurred early in the morning and late in
the afternoon when birds remain more active. Hence, to
minimize bird collisions with aircraft, the aviation author-
ity should revise the flight schedules and try to make less
traffic load early in the morning and late in the afternoon.
It is also better to develop appropriate habitat management
options which attract a lower number of birds into the air-
port. Moreover, the aviation authority in collaboration with
different organizations should design and implement com-
prehensive protective strategies including visual, tactile,
auditory, and chemical repellents to control the population
of birds in the airport and avoid bird-aircraft strikes. More-
over, the office should also use appropriate risk assessment
methods, especially for those birds which cause the great-
est risk, and target them to control and avoid the strike
problems.
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Methods
Description of the study area
Bahir Dar International Airport, established in 1954,
is one of the International Airports in Ethiopia located
8 km to the northwest of Bahir Dar City, the capital of
Amhara National Regional State. It is geographically
located at 11°36’30”N latitude and 37°19’30”E longitude
at an elevation of 1821 m a.s. (Fig. 2). Its main runway
length and width are 3100 m and 45 m, respectively.
The airport and its surrounding habitats are dominated
by grassland, bushland, wetland, and modified habitats.
There are a lot of tourist attraction sites around the air-
port including ancient monasteries and churches on the
Islands of Lake Tana. Furthermore, the airport’s scenery
with the Lake Tana and the beautiful city Bahir Dar cre-
ate great pleasure for the travelers.

Ten years of rainfall and temperature data of the
study area showed that the highest average monthly
rainfall was 391.92 mm recorded during July and the

lowest was 1.02 mm during January and the average
monthly minimum and maximum temperatures were
6.46°c and 31.87°c recorded during January and April,
respectively [40].

Sampling design

The study area was classified into four habitat types and the
sampling unit within each habitat type was determined based
on Vegetation type, structure, and area coverage. As a result,
it is classified into bushland, grassland, wetland, and modi-
fied habitats. Modified habitat in this study is described as a
habitat where human activities change their original status
including aircraft runways, adjacent habitats inside the air-
port premises, and farmlands and grazing lands outside but
closer to the airport. Among the four habitat types, three
habitats namely bushland, grassland, and modified habitats
are found inside the airport, while the wetlands and addition-
ally modified habitats are located immediately outside the air-
port directly on the way to Lake Tana. Line transect and point
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count methods were used for studying the diversity and rela-
tive abundance of birds [41] in and around the airport.

The line transect method was used in wetland, grass-
land, and modified habitats since the areas are open,
while the point count method was applied in relatively
dense bushland habitats [42]. Blocks and sampling plots
were established for transect and point count methods,
respectively. The number of blocks and sampling plots
were determined according to the size and type of vege-
tation cover of the study habitats. The average length and
width of the transects were 200 m and 50 m, respectively.
Transects were separated from each other by 100 m, and
a total of 10 sample blocks (each comprising five transect
lines) and eleven sample plots (each comprising five sam-
pling points) were used.

Data on bird-aircraft strike incidents and methods
of its control were assessed using questionnaire, inter-
views, and document analysis techniques. As a result,
twenty-six respondents (twenty-three males and three
females) among 100 officers and field workers were
selected using the purposive sampling method. The
selection of the respondents was made on the basis of
the relevance of their jobs to bird strike control activi-
ties in the airport area.

Data collection

The point count method was used to collect data in the
bushland habitat, and transects were used in the wet-
land, grassland, and modified habitats. During the point
count method, suitable sites were selected and birds were
identified and counted from a fixed position within a
25 m radius for a specific period of 10 min at every point.
All birds seen and heard within this 25 m radius were
recorded. To minimize the disturbance during counting,
a waiting period of 5 min prior to counting was applied.

Using the transect count method, birds were counted
by walking at 2 km per hour and at a uniform pace
throughout the whole transects. However, sometimes the
speed of walking on the routes was determined by the
number of birds present and the extent of difficulties in
recording them.

Dry season data were collected from February to
April 2020 and data for the wet season were collected
from June to August 2020. Census data for the dry
and wet seasons were collected twice a day when most
birds are active early in the morning (6:30-9:00 a.m.)
and late in the afternoon (4:00-6:30 p.m.) for five days
per month with a total of 150 survey hours during the
whole study period.

Field observations were made to identify birds at the
species level using binoculars with a magnification power
of 10 and an objective lens diameter of 50 (10 x 50). Spe-
cies identifications were carried out using an appropriate
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field guidebook [43] and photographs were taken for fur-
ther identification of birds. Movement patterns of birds
that usually cross the runway were recorded to evaluate
the problems of birds to aircraft strikes. The time of the
day when the bird flight was the highest and activities
performed by the birds such as flight direction and flock
size were also recorded.

To assess the extent of bird-aircraft strike problems in
Bahir Dar International Airport, questionnaire surveys
were administered to 23(88.5%) male and 3(11.5%) female
respondents. Structured interviews were employed to
collect additional data to assess the status of bird-aircraft
strike problems and their control measures applied in the
airport. Secondary data were also obtained from the avia-
tion authority office, Bahir Dar branch, to access previous
information about bird-aircraft strikes in the airport.

Data analysis

Association of birds and seasons with habitat types were
analyzed using the chi-square test, and one-way analysis
of variance (ANOVA) was used to check the mean abun-
dance of species differences among the four habitat types
and between seasons. Moreover, avian species diversities
in each habitat type were calculated using Shannon—Wie-
ner diversity (H’), and evenness (E) indices [4].

Shannon Wiener diversity index is calculated as:

H =—2X Pi x Ln (Pi) where,

H’ =Shannon—Wiener diversity index.

Pi=the proportion of each species in the sample.

Ln (Pi) =natural logarithm of this proportion.

Species evenness is by Shannon’s equitability index (E)
which is calculated by:

E= %’ax where,

E =Shannon—Wiener evenness index.

H’=Shannon—Wiener diversity index.

Hmax =Ins.

Ln=Log normal.

S =Total number of species.

Simpson’s similarity index (SI) was also used to evalu-
ate the similarity of species between two different habi-
tats in both seasons using the following formula:

SI=2C/A + B where,

SI=Simpson’s similarity index,

A =number of species that occur in habitat ‘Al

B =Number of species that occur in habitat ‘B’

C=Number of common species that occur in both
habitat ‘A’ and ‘B.

The relative abundance of bird species in each habitat
was calculated by:

Relative abundance=g x 100 where,

n=Number of individual species.

N = the total number of individuals of all species.
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Table 5 Relative abundance score categories

Relative
abundance score

Relative abundance Abundance category

<0.1 1 Rare
0.1-2.0 2 Uncommon
2.1-10.0 3 Frequent
10.1-40.0 4 Common
>40 5 Abundant

Relative abundance values were used to ordinarily
categorize each species under the following five abun-
dance categories [42] (Table 5).
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