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Diversity of Birds in Highland Reservoirs and Adjoining Areas of Tigray, Northern Ethiopia:
Implication for Conservation. Weldemariam, T. B., Alembrhan, A. W. & Kalayu, M. A. — Avian
diversity is among the key components of the earth’s biodiversity that serve as unique barometers for
environmental change. Bird diversity in unprotected habitats such as reservoirs in the Tigray region is less
known. A study was conducted to assess the avian diversity in highland reservoirs of the Tigray region,
particularly at Maygundi and Maysye reservoirs and their adjoining habitats from August 2022 to March
2023, covering both wet and dry seasons. A line transects and point count methods aided by binoculars
were used to estimate avian species diversity and distribution. Biodiversity indices and Two-way ANOVA
were used to analyze the data. A total of 1,813 individual birds belonging to 151 species, 17 orders and
51 families were recorded during the study period. Egyptian goose was the most abundant species
(19.58 %), followed by Little Grebe (10. 86 %), Eurasian Coot (7.00 %), Ruffand Yellow Mantle Widowbird
(3.31 % for each). A significant variation in the number of bird species between wet and dry seasons
(F = 1225, df = 1, P = 0.02) and between reservoirs (F = 484, df = 1, P = 0.03) was observed. However,
there was no significant difference in abundance of birds between wet and dry seasons in both reservoirs
(P > 0.05). Maysye reservoir had high bird species diversity (H' = 3.66), while Maygundi reservoir had
the lowest (H' = 3.24). The study shows that sedimentation and habitat destruction due to anthropogenic
activities, including the expansion of settlements; agriculture and livestock grazing were the main threats
to bird diversity. The highland reservoirs and their adjoining habitats support high avian species diversity
including endemic and endangered species revealing the importance of the sites for bird conservation.
Therefore, urgent conservation measures are recommended for long-term bird conservation.
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Introduction

Ethiopia is distinguished as the eastern Afro-montane and the horn of Africa biodiversity hotspot that
holds a substantial number of worldwide ecological zones with a high highland and a central mountain range
separated by the Great Rift Valley (Yalden, 1983; Conservation International, 2011). The country has a wide
range of altitudes, from 126 meters below sea level (m. a. s. 1.) in the Afar depression to 4,620 m. a. s. . in
the Semien Mountains, i. e., Ras Dejen, resulting in the country hosting a high faunal diversity with a high
degree of endemism (Husen et al., 2012; Ethiopian Biodiversity Institute (EBI), 2015). As a result, IUCN has
nominated Ethiopia as one of the eight pilot countries where BIODER 2030 will be implemented (Mekbeb
et al., 2022). Birds inhabit all habitat types on the planet, from the lowest desert to the highest mountains,
and are key indicators of the health and stress of the ecosystem. Ethiopia hosts more than 2,970 species of
wildlife, of which 926 species are birds belonging to 27 orders and 155 families. Of the total number of bird
species, 665 species are resident, 30 are migratory and 37 are nonmigratory species (Weldemariam, 2016;
Weldemariam et al., 2020).

Currently, Ethiopia has announced approximately 73 important bird areas to conserve birds of the
country (Mengistu, 2003; Shimelis and Afework, 2009; Weldemariam, 2016). However, due to habitat
loss caused by human-induced factors many species of birds are found outside of their natural and stable
habitats in unprotected areas such as reservoirs and wetlands. Man-made highland reservoirs found at an
average of 1100 m. a. s. I. have been described to attract more bird species than naturally formed highland
reservoirs (Kiros et al., 2014). The creation of an artificial highland reservoir is considered an important
measure since it can deliver a new habitat for bird communities when all habitat requirements are suitable.
Globally, wetlands are still being degraded and there is a need to assess and monitor bird populations since
their diversity and activities indicate the quality and status of the ecosystem (Aerts et al., 2008; Girma et
al,, 2017).

In Ethiopia, there have been limited surveys on bird diversity, abundance and threats, particularly
diversity of water birds is in its infancy; hence, there is an imperative need to collect data on the diversity
of bird communities in unprotected water bodies, such as reservoirs and wetlands to improve bird
conservation concerns. In Ethiopia’s Tigray region the diversity and abundance of birds is very little
known due to long-lasting war in the region, and the war using bioweapons, poisonous chemicals
and drones that cause a decline in biodiversity. The majority of available evidence shows that in most
war zones, populations are dropping, rather than these areas serving as refuges for wildlife. More than
80 reservoirs have been constructed in the Tigray region, primarily for hydropower, irrigation, fishing,
livestock watering, and other human uses. Few studies have revealed that these reservoirs are also suitable
for foraging, roosting, nesting and breeding sites of both migratory and resident aquatic birds and area
considered as alternative promising sites for high bird diversity of the region (Tsehaye et al., 2007; Kiros
et al,, 2014). So far, however, only 10 of the 80 reservoirs in the eastern and south-eastern zones of Tigray
have been surveyed to document the diversity of bird species they contain (Kiros et al., 2014). The avian
diversity of other highland reservoirs in the region, such as the Maygundi and Maysye reservoirs in the
central zone, is not known. Therefore, the present study aims to assess the avian diversity of the Maygundi
and Maysye reservoirs and their adjacent areas in the Tigray region of northern Ethiopia. Documenting
the diversity of the avifauna in these highland reservoirs will provide a valuable primary source of data and
assist in the development of a sound management plan for the future.

Material and Methods

Study area

The study was conducted in the central zone of the Tigray region particularly in Laelay Maichew
district at Maygundi (38°47'44" N Latitude and 14°02' N 38°46" E Longitude and Maysye reservoirs and
their adjoining areas (38°47'44” N Latitude and 14°03'37" E Longitude) (fig. 1), with an average altitude
of 2007 m. a. s. L, which have habitat heterogeneity including aquatic ecosystems for avian diversity and
distribution. These reservoirs are mainly used for irrigation and livestock drinking. The mean annual
temperature of the reservoirs is 20 °C and their mean annual rainfall is 638 mm, and the pattern of rainfall
distribution is unimodal with a long rainy season between June and September (Tsehaye et al., 2007).
However, Tigray’s lands cover, wildlife, natural resources and biodiversity in general are intentionally
damaged as battlefields frequently by genocidal war. However, people are making the most serious effort
at conservation. Munitions and chemical agents exert both immediate and residual effects, both direct and
indirect on biodiversity.
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Fig. 1. Map of Ethiopia with regions (A), Maysye reservoir (B) and Maygundi reservoir (C).

Materials used
Various materials were used during the field survey such as GPS (Garmin72), binoculars (8 x 40), field
guides for birds, digital camera, data sheets, notebook, pen, rulers and field tents.

Method of data collection

To study birds, two habitat types including reservoir and adjoining terrestrial habitats for both
reservoirs were selected. Birds were monitored using the line transect and point count methods depending
on the habitat types and suitability of the method (Bibby et al., 2000). Sampling sites were randomly
established from each habitat type to make results representative of the whole study area (Bibby et al.,
1998). Twenty sample points were established along the periphery of the reservoirs and were used as birds
counting stations. In the selected counting stations, all observed birds were identified and counted with
the help of binocular. Likewise, eight transect lines consist 26 counting stations were set to identify and
count the birds in nearby terrestrial habitat of the study area (Bibby et al., 1992; Gibbons & Gregory, 2006).
At each counting station, we observed for a period of 15 min to ensure that cryptic species were included
by walking slowly along transects. Birds were counted as seen, heard and in flight were also recorded.
Field data were collected from August to October 2022 (wet season) and from January to March 2023
(dry season). Birds were counted every two weeks twice a day in the early morning (6:00-10:00) and in
the late afternoon (16:00-22:00) when the activities of birds were high (Shimelis & Afework, 2008). The
identification and categorization of birds into their respective taxonomic groups was performed based on
field guide books (Redman et al., 2009). The observations were made using binoculars and spotting scopes,
and the images were captured using a digital camera. Photographs were taken to identify and count the
birds that were not easily identified in the field.

Statistical analysis
Biodiversityindiceswereusedtoanalyzethebirdspeciesdiversity:theShannon-Weinerdiversityindex
(H') (Shannon & Wiener, 1949). The formula is H' = (Pi In Pi), where Pi= proportion of the i species and
In = natural logarithm. Shannon-Wiener evenness index (E) (E=H'/H__, where H' = Shannon-Wiener
diversityindex;and H  _=InS = naturallogarithm of the total number of species (S) (Kathleen etal., 2005;
Sohil & Sharma, 2020) was used to calculate the species evenness of birds. In addition, Simpson’s similarity
index (SI) (SI=2 C/A + B, where A = number of species that found in site A, B=number of species found in
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site B, and C = number of common species that found in site A and B) was used to evaluate the
similarity between habitats with reference to species composition. Two-way ANOVA was used to test
the significant variation in bird species richness and abundance between habitat types and seasons.
PAST software (Hammer et al., 2001) was used to prepare the species accumulation curve to assess
the adequacy of the sampling effort of birds during the study. Differences were considered statistically
significant at P < 0. 05.

Results

Species diversity

A total of 1,813 individual birds belonging to 151 species, 17 orders and 51 fami-
lies were recorded in the study area (table 3). Order Passeriformes was the most
dominant, represented by 20 families and 65 species, followed by order Charadri-
iformes (6 families, 21 species) and Pelecaniformes (4 families, 13 species), respec-
tively (fig. 2). In the two reservoirs, a total of 694 and 1,119 individual birds were
recorded during the wet and dry seasons, respectively. Maygundi reservoir had 332
and 439 individual birds during the wet and dry seasons, respectively, while the May-
sye reservoir recorded 362 and 680 individuals, respectively. With respect to bird
distribution across the reservoirs, 771 individual birds were recorded in the Maygun-
di reservoir and 1042 individuals were recorded in Maysye reservoir. In this study,
four endemic species to Ethiopia including Blue Winged Goose, Cyanochen cyanop-
terus (Ruppell, 1845), Abyssinian Catbird, Sylvia galinieri (Guérin-Méneville, 1843),
Ethiopian Cisticola, Cisticola lugubris (Rippell, 1840), and White-Winged Cliff-
Chat, Monticola semirufus (Rippell, 1837), were recorded. Rouget’s Rail, Rougetius
rougetii (Guérin-Méneville, 1843), Banded Barbet, Lybius undatus (Rippell, 1837),
Black-Winged Lovebird, Agapornis taranta (Stanley, 1814), and Wattled Ibis, Bos-
trychia carunculata (Rippell, 1837), were near-endemic (endemic to Ethiopia and
Eritrea). In addition, globally threatened species such as Egyptian Vulture, Neophron
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Fig. 2. Bird orders with number of families and species in Maygundi and Maysye reservoirs, Tigray, Ethiopia.



Diversity of Birds in Highland Reservoirs and Adjoining Areas of Tigray, Northern Ethiopia: Implication... 449

Table 1. Bird species diversity between Maygundi and Maysye reservoirs during the wet and dry seasons

Reservoirs ‘ Season S ‘ N ‘ D H’ E
Maygundi Wet 56 332 0.11 2.82 0.32
Dry 45 439 0.09 2.96 0.43
Both 81 771 0.08 3.24 0.32
Maysye Wet 93 362 0.08 3.42 0.33
Dry 70 680 0.09 3.27 0.38
Both 140 1042 0.07 3.66 0.28

Note. S — species richness; N — abundance; D — dominance; H” — Shannon-Wiener diversity index;
E — species evenness.

percnopterus (Linnaeus , 1758), Lappet-faced Vulture, Torgos tracheliotos (Forster ,
1791), Sylvia galinieri (Guérin-Méneville, 1843), Rougetius rougetii, Cassin’s Hawk-
eagle, Aquila africana, and Martial Eagle, Polemaetus bellicosus (Daudin, 1800), were
also recorded.

The study showed variations in species diversity between reservoirs and seasons
(table 1). During both seasons the highest bird species diversity (H' = 3.66) was re-
corded in the Maysye reservoir and the lowest was recorded in Maygundi reservoir
(H" = 3.24). Similarly, the bird species diversity was higher during the wet season
than during the dry season in both habitats. Maysye reservoir had higher species
diversity in both the wet (H' = 3.42) and dry (H' = 3.27) seasons, while the Maygundi
reservoir had lower species diversity in both the wet (H' = 2.82) and dry (H' = 2.96)
seasons. Higher species evenness was recorded during the dry season in both reser-
voirs than during the wet season (table 1). The species accumulation curve for both
reservoirs and nearby wetlands has fully reached the asymptote line, indicating the
completeness of the survey and adequacy of sampling effort. This implies that no
more sampling effort is needed to explore all the expected bird species of the study
reservoir and its adjoining habitat (fig. 3).

Species similarity indices 200 -
Avian  species  similarity 180 +
across reservoirs ranged from 160
0.28 to 0.67. During the wet sea- g 140 4
son the highest species similarity 2 120 -
(SI =0.67) was recorded between 5 190
the Maygundi and Maysye res- 3 gq.
ervoirs. The lowest species simi- g 60 -
larity (SI = 0.28) was recorded = 40 -
during the dry season in both 204
reservoirs. The overall similar- 0 —
ity index was SI = 0.64, which is 200 400 600 800 10001200140016001800
greater than 50 %, indicating that Number of individuals

there is high similarity of bird
species between the two reser- Fig. 3.Species accumulation curve of bird species in Maygundi
voirs (table 2). and Maysye reservoirs.
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Table 2. Bird species similarity between Maygundi and Maysye reservoirs during the wet and dry
seasons

Simpson’s similarity index (SI)

Reservoir Season Maygundi Maysye

Maygundi Wet - 0.67
Dry - 0.28
Both - 0.64

Maysye Wet 0.67 -
Dry 0.28 -
Both 0.64 -

Distribution and Abundance

In the present study, the bird species distribution varied between reservoirs during
the wet and dry seasons (table 1). Of the total bird species recorded, 140 species were ob-
served from Maysye reservoir and 81 species were from Maygundi. Of these, 69 species
were found only in the Maysye reservoir, 10 species were observed only in the Maygundi
reservoir, and 71 species were observed common to both reservoirs. During the wet season,
56 bird species were recorded from the Maygundi reservoir and 93 species were recorded
from the Maysye reservoir. Likewise, during the dry season, 45 species from Maygundi
and 70 species from Maysye were recorded. Two-way ANOVA showed that there was sig-
nificant variation in the number of species between the wet and dry seasons (F = 1225,
df = 1, P = 0.02) and between reservoirs (F = 484, df = 1, P = 0.03). A total of 1,813 indi-
vidual birds were counted during this study period. Of these, 694 individuals were recorded
during the wet season, and 1,119 individuals were detected during the dry season. A higher
number (N = 362) of individual birds was recorded from the Maysye reservoir and a lower
number (N = 332) was recorded from Maygundi reservoir during the wet season. Similarly,
higher (N = 680) and lower (N = 439) numbers of individual birds were recorded from the
Maysye and Maygundi reservoirs during the dry season, respectively (table 1). There was
no significant difference in the abundance of birds between the wet and dry seasons in both
reservoirs during the study period (P > 0.05). Of the total identified bird species, Egyp-
tian goose was the most abundant species, constituting 19.58 %, followed by Little Grebe
(10. 86 %), Eurasian Coot (7.00 %), Ruff and Yellow Mantle Widowbird (3.31 % for each),
while some species were represented by a single individual (0.05 %) (table 3).

Discussion

In this study, a total of 151 species belonging to 17 orders and 51 families were recorded
in the highland reservoirs. This implies that the highland reservoirs support a high diversity
of avian species due to various ecological resources. The number of bird species recorded
in these reservoirs is relatively in agreement with reports of previous studies from other
localities of Ethiopia. This coincides with the result of Weldemariam (2016), who recorded
approximately 2985 individual birds belonging to 84 species, 48 genera and 23 families with
4 endemic species in the Afro-tropical highland wetlands of the Awi zone and Wombera
hotspot areas, northwestern, Ethiopia. Jemal et al. (2020) recorded about 105 bird species
consisting of one endemic, eight near endemic, one globally threatened and nine Palearc-
tic migrants in Nensebo forest, southern Ethiopia. Hailu and Bezawork (2022) reported
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a total of 90 bird species belonging to 12 orders and 37 families with two endemic and
11 near- species from Gullele Botanical Garden, central Ethiopia. Variation in the number
of bird species and abundance across different localities might be due to differences in
the availability of food sources, nesting habits of birds, levels of human disturbance, cli-
matic conditions, and other ecological constraints. Moreover, the number of survey routes/
points, length of time spent on observation and size of the study area also lead to variation.
Manthey et al. (2022) noted that taxon-specific characteristics and extrinsic climatic and
geological forces may both shape population differentiation and speciation. Monitoring the
population dynamics of threatened avian species requires a landscape-scale understanding
of their distribution over time (Rowe et al., 2023; Santini et al., 2023). However, detection is
inherently low for rare, widely distributed and cryptic species. Such scenario development
for major policy instruments, such as the convention on biological diversity, could help
shift national and international priorities away from the growth imperative and towards
enhancing biodiversity and human well-being (Weldemariam & Getachew, 2017; Otero et
al., 2020; Teklay et al., 2020).

From the total identified orders, the order Passeriformes was the most dominant with
the highest number of species, while Podicipediformes, Psittaciformes, Coliiformes and
Musophagiformes had the least number of species. This result is consistent with the re-
ports of several authors who reported a high number of bird species belonging to the order
Passeriformes (Alemayehu & Dereje, 2021; Hailu & Bezawork, 2022; Manthey et al., 2022;
Rowe et al., 2023). In this study, Egyptian goose was the most abundant species, which
might be associated with its ability to feed in agricultural lands and water bodies and is a
generalist bird that can inhabit both terrestrial and aquatic habitats. This is in line with the
results of various authors (Kiros et al., 2014; Hadis et al., 2020; Alemayehu & Dereje, 2021).

In highland reservoirs population differentiation and speciation are complex and
shaped by interactions of earth’s pattern, biological variables and patterns of avian species-
specific traits (Manthey et al., 2022; Santini et al., 2023). These might be affected through
limnological characteristics, biological and morpho-edaphic variables of the highland res-
ervoirs on water bird species richness and distribution (Tsegazeabe, 2023). In both reser-
voirs, bird species richness and abundance were higher during the dry season than during
the wet season. Semi-arid slopes in the highland reservoirs, with small forest relics on sa-
cred grounds, scattered fields in a matrix of degraded grazing land, and forest rehabilitation
areas, which are enclosures where grazing and cutting are forbidden for sustainable conser-
vation. During the wet season, swamp flowering plants flourished and as a result, food was
plentiful for birds in the highland reservoirs. However, during the dry season, deciduous
trees defoliate and in the absence of food, many species of birds are restricted to specific
habitats where sufficient resources are available (Jemal et al., 2020). The outcome of this
result agrees with Nyssen (2023), who suggested that by mid-September, near the end of
the rainy season, Tigray’s landscapes are green, with large spots of bright yellow herbs lo-
cally called Meskel flowers/gilgile meskel that attract and support diverse avian species.
In highland reservoirs structurally complex vegetation buffers the influence of seasonality
and there is a great stability in resource availability, which allows bird species to occur as
residents throughout the year. The avian species richness of different feeding guilds might
respond differently to changes in vegetation structure and complexity across highland eco-
systems.

The species diversity indices showed that the higher species diversity of birds was found
in the Maysye reservoir than in the Maygundi reservoir. This might be due to the availabil-
ity of various food items, nesting sites, vegetation composition that delivers heterogeneous
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habitats for different bird species and its nature bordering farmlands that are considered as
alternative feeding sites. Structurally, complex habitats might harbor a high number of spe-
cies compared to habitats with simple structures, because there are more niches providing
different types of nesting and foraging resources. This is in agreement with the findings of
Alemayehu and Dereje (2021) that there was a high diversity of bird species at the Ansas
Dam Debre Birhan Town, Ethiopia. The high bird diversity in reservoir habitats is probably
due to its potential in edible aquatic organisms such as small fishes, frogs, tadpoles, insects
and other invertebrates, and aquatic plants. Moreover, the high species diversity and abun-
dance of birds in the reservoir indicate their attractiveness for water birds and good water
quality. The overall bird species similarity between reservoirs during this study is high and
this maximum similarity between these habitats might be recognised by the very close oc-
currence of the reservoirs. Moreover, the presence of similar climatic conditions between
the two areas might lead to the occurrence of high similarities in the bird community.
Habitats that are close to one another can share the same number of species because they
are geographically close which allows individuals to move from one habitat to another.
Threats to avian fauna diversity in Ethiopia are underpinned by high human popula-
tion pressure in the highland reservoirs of Tigray. Therefore, habitat heterogeneity is an
important environmental determinant of variation in avian species richness in reservoirs.
There is a need to sustain the achievements of highland reservoirs attained in promot-
ing co-management and ecosystem sustainability. All productive land in the highlands has
been transformed and the original vegetation that remains only does so because it is con-
fined to the ecosystems that are extreme and defy human use and recover avian species
diversity in Tigray which is highly similar to the reports of several studies (Santini et al.,
2023; Aerts et al., 2006, 2008). Bird species composition and abundance varied in the two
highland reservoirs and supports low bird diversity in highland reservoir near to extensive
human settlements, agricultural activities and areas with degraded natural habitats. This
result concurs with the finding of Asmare et al. (2023), who noted that areas highly affected
by anthropogenic impacts such as logging, overgrazing, firewood collection and distur-
bance contribute to low bird diversity, but in some cases the modified habitats support and
provide alternative forage, nesting and roosting sites. The most likely reason for macro
ecological drivers might be due to many anthropogenic activities in the highland reservoirs
and their surroundings. In reservoirs human encroachment is ever increasing and has ad-
verse effects on the bird population. Anthropogenic activities such as clothes washing, the
use of motorised vehicles, livestock, bathing, and waste dumping have contributed to the
increase in environmental pollution. Cultivated plants in the villager’s grounds and terraces
attracted avian species. However, these birds have often died and become endangered due
to pesticide poisoning, which discourages them from eating seeds and causes habitat loss.

Management and conservation implications

Although the studied reservoirs support high bird diversity, they are deteriorating due to
various anthropogenic factors, including land cover change, agricultural expansion, human
settlement, irrigation, sedimentation and other human activities (Kiros et al., 2014; Hadis
et al., 2020), and there is an urgent need for conservation intervention in these unprotected
habitats. Therefore, responsible organizations and other stakeholders with local communities
should work in cooperation to conserve and manage the habitat of wildlife species (Hanson,
2009; BirdLife International, 2017). Facilitate contributing habitat restoration and support-
ing biodiversity protection with environmentally friendly practices. No conservation effort is
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given to these study areas to tackle problems of severe deforestation, sedimentation and land
degradation from severe human pressure. Since, water is essential for various recreational
values we need to work with the local people for the economy of water-based tourism, bird
watching, fisheries and aquaculture, drinking and bathing, sanitation, and spiritual and sym-
bolic purposes, among the myriad other uses described in this series.

Conclusion and Recommendation

A total of 151 bird species belonging to 17 orders and 51 families were recorded in
this study. This means that upland reservoirs support a large number of bird species. In-
terestingly, some of the endemic and globally threatened bird species were found in the
reservoirs, making them important conservation areas. However, these reservoirs, which
support a high number of bird species, are threatened by the livelihood activities of lo-
cal communities. Therefore, to increase the bird diversity in such a large freshwater area,
an intensive conservation effort with harmonised and protected promising wintering sites
should be undertaken. Similarly, for the long-term conservation of the avifauna around the
highland reservoirs, continuous monitoring of bird species, targeted site improvement and
awareness raising among the local community are recommended.
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