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ABSTRACT

This work aims to study the diverse migrating waterbirds in the New Valley area at the
natural lakes in Dakhla, Mut and at the artificial agricultural wastewater in Kharga during the
period from December 2022 to April 2023. This study focused on the winter and spring
migration seasons and 32 different bird species were recorded, of which 29 were migratory.
The observed birds belong to 8 different orders and 12 families. The largest group was the
Charadriiformes order with 14 bird species. Also, Near Threatened Ferruginous Duck was
recorded in Dakhla and relative abundance analysis spotlighted two key species the little stint
and marsh sandpiper. The results shed light on the ecological importance of shallow water
zones comparison to deep water zones, which had 84.4% from total recorded birds. Dakhla is
characterized by higher overall abundances, richer species numbers, and a more diverse
Shannon-Weiner index, 2.611 pointing to a more varied and populous avian community
compared to Kharga. While Dakhla boasted greater diversity indices, the measurements from
both sites similarly suggested that the bird species were evenly spread throughout each
location. Both locations exhibited substantial increases in the diversity and populations of
species, underscoring the valuable role of agricultural wastewater habitats as resting habitats
of migrating waterbirds.
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INTRODUCTION

Wetlands are proven ecosystems
that are all indispensable; as they
meanwhile avail many places where
different waterbird species can live and
provide suitable habitats necessary for
global biodiversity. On the other hand, the
conservation of these biodiversity hotspots
is also undermined by human activities and
climatic changes at the planetary scale
which  result into the worldwide
degradation or loss of wetlands (Shine &
Klemm, 1999; Turner et al., 2000;
Froneman et al., 2001). Considerably, the
Earth loses almost 50% of the wetlands in
near difference because these are being
used for agricultural production and the
development of the towns and cities, hence
it is bound to have higher priority

conservation programs to prevent and
restore these valuable ecosystems.
Recently the tendency to save the
now poorly represented wetlands has been
replaced by the rehabilitation of formerly
artificial wetlands to give these habitats to
the waterbirds who were forced from their
original grounds (Maeda, 2001; Mdrias et
al., 2002; Elphick, & Oring, 2003). In the
past, artificial aquatic environment was
created for purposes like farming or
mining. Though, in recent years, together
with protecting biodiversity, these water
reserves are gaining a lot of importance.
Research has proven that artificial
wetlands with characteristics of salt
marshes, fish culture ponds and mine
impoundments may become a Vviable
habitat for waterbird communities and
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other related species (Knutson et al., 2004;
Taft and Haig, 2005; Julian et al., 2006;
Almeida et al., 2020).

Although artificial wetlands may
provide habitat for only a few individuals,
they can still play an important role in
maintaining specific species and offsetting
the effects of wetland loss (Tourenq et al.,
2001; Elphick & Oring, 2003; Ma et al.,
2004). One example is the irrigation ponds
that have been shown to host greater
numbers of some waterbird species than
their nearby natural wetlands (Mohamed &
Zeid 2015; Donnelly et al., 2020; Rajpar et
al., 2022). Also, the stability observed in
waterbird populations in some created
wetlands implies their crucial contribution
in the conservation of wildlife under
deteriorating environmental conditions
(Fan et al., 2021; Rajpar et al., 2022).

Artificial wetlands are important,
although their ecological dynamics and
long-term effectiveness in bird groups are
unclear.  The  association  between
landscape form and connectivity and
waterbird habitat selection at manmade
wetlands deserves more study (Sebastian-
Gonzélez et al., 2010). This study is aimed
at filling knowledge gaps by monitoring
the spatial shifts of habitat use by water
birds in a wetland complex, in the New
Valley region that is located on the
southern part of the Western Desert of
Egypt. This area, comprising those oases
like Dakhla and Kharga, depends mainly
on agriculture that gives rise to significant
drainage of water and sewage from the
groundwater (Mohallal & Ahmed 2018;
Elbeih & Zaghloul 2021; Darwish 2020).
Also, this research involves extensive field
surveys and analysis to show how the
artificial wetlands are supporting waterbird
populations and ascertaining their possible

role in conservation efforts, in the face of
environmental challenges.

MATERIALS AND METHODS
Study area and Bird monitoring:
Bird monitoring was undertaken in

two distinct types of habitats; natural lakes
in Dakhla, specifically Mut lakes, and
artificial agricultural wastewater stations in
Kharga. These study sites are situated in
the southern region of the Western Desert
of Egypt, within the New Valley area. The
Mut lakes in Dakhla (Fig. 1 A) and the
artificial agricultural wastewater stations in
Kharga (Fig. 1 B) are focal points of the
study.

These oases rely predominantly on
agricultural  activities  supported by
groundwater, resulting in significant
volumes of agricultural drainage and
wastewater that accumulate in ponds. The
placement of many of these ponds in
elevated terrain poses a risk of structural
failure and subsequent flooding of adjacent
cultivated lands and residential areas.

The study extends From December
2022 to April 2023, and focusing on the
winter and spring bird migration at each
lake. Bird species were identified and
counted after Mohallal (2023) method for
four days every month for each site.

The confirmation of bird species
identification was achieved through the
utilisation of field guides (Bruun, and Baha
El Din, 1985; Mullarney et al., 1999;
Cottridge and Porter, 2001; Svensson and
Grant, 2001; HBW & BirdLife
International, 2022).
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Fig. 1. Show the study site The Mut lakes in Dakhla (A) and artificial lakes in
Kharga (B). (Google Earth 2023.)

Data analysis:
The relative abundance of bird
species per habitat/district was determined

using: Relative abundance =%
Where: n is the total number of birds of a
particular species
N is the total number of birds of all
species).
Species richness for each lake is the
number of different species present in it
(Deitmers et al., 1999). Species richness
was estimated.
Shannon-Weiner Index (H') using the
Shannon & Weaver (1949) formula:

H' = -3, p;/Inp;
Where: H' is the Diversity Index, P; is the
proportion of each species in the sample,
and (Inp;) is the natural logarithm of this
proportion).

Evenness Index (J) using Kiros et
al.(2018) was calculated wusing the

- . _ H
equation: J ==

max

Where, H'is the Shannon Wiener Diversity
index ; Hmax is the natural log of total
number of species.
Simpson Diversity Index (D) (Simpson,
1949) was measured by the following
Xini(ni—1)

N(N-1)
Where, n is the total number of birds of a
particular species S ; N is the total number
of birds of all species).

RESULTS

Waterbird species records:

The checklist in Table (1) showed
variation in structure of waterbird
communities recorded at Natural and
Artificial Agricultural Wastewater during
the investigation period. Bird species
recorded at Dakhla, Mut lakes are shown
in (App. 1), while those at Kharga
agricultural wastewater stations in (App.

formula: D =1 —
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I1). The obtained data showed that the total
number of waterbird species found was
thirty-two; four resident species, are
distributed across eight orders and twelve
families.  Charadriiformes was the
dominant one represented by four families
and a total of fourteen species. Order

Pelecaniformes, on the other hand, has two
families including five species. While the
lowest orders in numbers were Suliformes
and coraciiformes, which were represented
by one species for each. Near Threatened
Ferruginous Duck was recorded in Dakhla.

Table 1. Waterbird species recorded in natural and artificial agricultural wastewater habitats of
New Valley Governorate during the study period from December 2022 to April 2023.

. English Scientific Red list
Order Family Nzgme Name Status (IUCN) D K
Coraciiformes Alcedinidae Pied kingfisher Ceryle rudis R LC +  +
Q Mallard Anas platyrhynchos M LC + -
Anseriformes s Northern_shoveler Spatula cly_peata_ M LC + -
s Green winged teal Anas carolinensis M LC + -
< Ferruginous duck Aythya nyroca M NT + -
Little ringed plover Charadrius dubius M LC + o+
Charadriidae White taild lapwing Vanellus leucurus M LC + -
Spur-winged Plover Vanellus spinosus M LC + o+
Whiskered tern Chlidonias hybrida M LC + o+
2 Q Black headed gull Chroicocephalus ridibundus M LC -+
IS 2 Slender billed gull Chroicocephalus genei M LC +  +
;E 3 Common tern Sterna hirundo M LC + o+
?‘; Gull billed tern Gelochelidon nilotica M LC + o+
_‘E Recurvirostridae Black-winged stilt Himantopus himantopis R LC + o+
o & Common snipe Gallinago gallinago M LC + o+
§ Little stint Calidris minuta M LC + o+
S Marsh sandpiper Tringa stagnatilis M LC + o+
'S Ruff philomachus pugnax R LC + o+
n Redshank Tringa totanus R LC +  +
Passeriformes Motacillidae Yel!ow Wagt_ail Motac!lla flava M LC o
White wagtail Motacilla alba M LC + o+
Suliformes Phalacrocoracidae ~ Cromorant Phalacrocorax carbo M LC + -
L L Little grebe Tachybaptus ruficollis M LC -+
Podicipediformes Podicipedidae Black necked grebe Podiceps nigricollis M LC +
g Eurasian coot Fulica atra M LC -+
Gruiformes E The common moorhen  Gallinula chloropus M LC + -
& Baillon's crake Porzana pusilla M LC + -
GE"3 g Squacco hern Ardeola ralloides M LC + o+
S 2 Grey heron Ardea cinerea M LC + o+
'S S: Cattle Egret Bubulcus ibis M LC + o+
3 Little Egret Egretta garzetta M LC + o+
& Threskiornithidae  Glossy ibis Plegadis falcinellus M LC +  +

Where, R= Resident species, M = Migratory species, LC= least concern, NT = near threatened, D= Dakhla and K=Kharga

Relative abundance of waterbird
species:

Assessing the relative abundance of
the numerical data regarding the waterbird
species is presented in Table (2), the little
stint, Marsh Sandpiper was on both
location and Eurasian coot in Kharga. The
highest counts were quantified as 100
individuals and more based on numerical
values. The relative abundances of these
counts were calculated to be 0.160 in
Dakala and 0.174 in Kharga, indicating the

distribution of these counts in the
ecosystem. The avian specimens recorded
for White tailed lapwing, Cormorant and
Baillon’s crake species were observed in a
minimum count each, indicating a relative
frequency of 0.002. Only two spices were
recorded in both deep an shallow water
zoon in Dakhla and Kharga and their
relative abundance was 0.081, 0.013 for
Gray horn and 0.108, 0.020 for Raff. Pied
kingfisher has 0.0405 relative abundance
in deep water in Dakala, while Eurasian
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coot has 0.533 relative abundance in deep

water in Kharga.

Table 2. Relative abundance of waterbirds observed in Dakhla Mut lakes and Kharga
agricultural wastewater stations.

Dakhla Kharga
g Number Relative . Relative o
English Name abundance LN(PI) LEI(Pi) NS abundance LN(Pi) LEI(Pi)
(Pi) (Pi)
Pied kingfisher 15 0.024 -3.730  -0.090 6 0.010 -4.563  -0.048
Mallard 60 0.096 -2.343  -0.225 - - - -
Northern shoveler 47 0.075 -2.588  -0.195 - - - -
Green winged teal 20 0.032 -3.442  -0.110 - -- - -
Ferruginous duck 10 0.016 -4.135  -0.066 - - - -
Little ringed plover 25 0.040 -3.219  -0.129 27 0.047 -3.059 -0.144
White tailed lapwing 1 0.002 -6.438  -0.010 - - - -
Spur-winged Plover 20 0.032 -3.442  -0.110 30 0.052 -2.953 -0.154
Whiskered tern 4 0.006 -5.061  -0.032 3 0.005 -5.256  -0.027
Black headed gull - - - - 4 0.007 -4.968 -0.035
Slender billed gull 2 0.003 -5.745  -0.018 2 0.003 -5.661  -0.020
Common tern 2 0.003 -5.745  -0.018 3 0.005 -5.256  -0.027
Gull billed tern 3 0.005 -5.339  -0.026 2 0.003 -5.661  -0.020
Black-winged stilt 50 0.080 -2.526  -0.202 40 0.070 -2.665 -0.185
Common snipe 8 0.013 -4.358  -0.056 5 0.009 -4.745  -0.041
Little stint 100 0.160 -1.833  -0.293 100 0.174 -1.749  -0.304
Marsh sandpiper 100 0.160 -1.833  -0.293 100 0.174 -1.749  -0.304
Ruff 40 0.064 -2.749  -0.176 30 0.052 -2.953  -0.154
Rredshank 25 0.040 -3.219  -0.129 20 0.035 -3.359  -0.117
Yellow wagtail 6 0.010 -4.646  -0.045 - - - -
White wagtail 10 0.016 -4.135  -0.066 12 0.021 -3.869  -0.081
Cromorant 1 0.002 -6.438  -0.010 - - - -
Little grebe - - - - 30 0.052 -2.953 -0.154
Black necked grebe - - - - 25 0.043 -3.135 -0.136
Eurasian coot - -- - - 100 0.174 -1.749  -0.304
The common moorhen 3 0.005 -5.339  -0.026 - - - -
Baillon's crake 1 0.002 -6.438  -0.010 - - - -
Squacco hern 8 0.013 -4.358  -0.056 10 0.017 -4.052  -0.070
Grey heron 11 0.018 -4.040 -0.071 4 0.007 -4.968 -0.035
Cattle Egret 20 0.032 -3.442  -0.110 8 0.014 -4.275  -0.059
Little Egret 30 0.048 -3.037  -0.146 10 0.017 -4.052 -0.070
Glossy ibis 3 0.005 -5.339  -0.026 4 0.007 -4.968 -0.035
Total 625 1 -114.945 -2.744 575 1 -88.619 -2.525
deep water zone 37 1 -22.335 -1.871 150 1 -31.915 -1.476
shallow water zone 588 1 -95.649 -2.611 425 1 -63.794 -2.314

Pi proportion of each species (relative abundance), LNPi natural logarithm of Pi

Waterbird feeding guild:

It was obvious from Figure (2) the
presence of variation in dietary preferences
between the Kharga and Dakhla bird
species. Kharga birds appear to have a
higher preference for carnivorous diets
compared to Dakhla birds, with 259
individuals  classified as carnivores

compared to 289 for Dakhla. On the other
hand, Dakhla birds seem to favor more
insectivorous diets, with 180 individuals
falling into this category compared to 204
for Kharga. Interestingly, both species
show a preference for omnivorous diets,
with Kharga having 112 individuals and



86

Eman M. E. Mohallal

Dakhla having 156 individuals categorized

as omnivores.

350
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100

50

No.

carnivore insectivore

Feeding guild

Kharga bird sp.
Dakhla bird sp.

omnivore

Fig. 2. The mean percentage of waterbird Feeding guild variety throughout the study

period extends from winter 2022 to spring 2023.

Diversity indices waterbird
species:

Table (3) shows some variables
related to the diversity of water bird
species. The total number of bird species
was 1200 individuals, which is (187
individual) in deep water zone lower than
Migratory water birds in shallow water
zoon (1013 individuals). Also, species
richness for Dakhla was ( r = 28), which is
also higher than Kharga water birds (r =

23). At the same trend, Dakhla waterbird

had the highest values of Shannon-Weiner
diversity index (H' = 2.744) and Simpson’s
Diversity (D = 0.914), than Migratory
water bird (H' = 2.083) and (D = 0.758).
While evenness (J') was higher in Kharga
waterbird (J' = 2.525) than resident water
bird (J' = 0.891). The Analysis of variance
of the bird species diversity showed that
there was no significant difference
between bird species in natural lake and
Artificial lakes (p<0.823) in number of
waterbird species.

Table 3. Diversity indices for waterbird species recorded in agricultural wastewater

habitats of New Valley Governorate.

Dakhla bird sp.

Kharga bird sp.

Total
Diversity Index Deep Shallow Deep  Shallow Bird
water water water water sp.
zone zone zone zone
Overall abundance 625 37 588 575 150 425 1200
Species richness (r) 28 9 24 23 10 18 32
Evenness (J') 0.823 0.852 0.822 0.805  0.641 0.801 1.520
Shannon-Weiner (H') 2.744 1.871 2.611 2525 1476 2.314 5.269
Simpson diversity (D) 0.914 0.808 0.905 0.891  0.665 0.862 0.952

DISCUSSION
The study recorded a wide variety
of waterbird species in both natural and
man-made agricultural wastewater
environments in  the New Valley
Governorate. 32 waterbird species, were

observed encompassing both resident and
migratory species. The Charadriiformes
order was the most prevalent, with a
significant presence in four families. Two
families and five species of Pelecaniformes
were observed in proximity. While several
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orders were abundant in species, others,
such as Suliformes and Coraciiformes, had
a limited representation, each consisting of
only one species. Several research studies
conducted on bird surveys in the New
Valley region support the current results
(Goodman et al., 1986; Churcher et al.,
2008; Ibrahim, 2011; Mohallal & Ahmed,
2018). Numerous researchers found that
the artificial wetlands are effective and
important  habitats  for  waterbirds
throughout different seasons, including
wintering and migrating (Paracuellos &
Telleria 2004; Rendon et al., 2008;
Sebastian-Gonzalez et al., 2010; Pérez-
Garcia et al., 2014; Pandiyan & Nagarajan
2014). Also, some studies indicated that
well-maintained artificial habitats and
other semi-natural wetlands such as
traditional saline and rice fields can
provide valuable habitats for several
species (Mu'rias et al., 2002; Masero et
al., 2017; Lei et al., 2021). In addition,
ponds may promote the interconnection of
wetlands within the research area (Qiu et
al., 2024).

Comprehending the comparative
prevalence of waterbird species is crucial
for evaluating their ecological importance
within environments. In the present study
the little stint, marsh sandpiper and
Eurasian coot were observed in significant
numbers, particularly in the Kharga region.
This suggests that these species play an
important role in the ecological dynamics
of agricultural wastewater systems. In
contrast, certain species, such as the pied
kingfisher and ferruginous duck, exhibited
reduced relative abundances, suggesting
potential variations in habitat preference or
utilization of ecological niches. Man-made
wetlands can significantly impact certain
environments and particular  species
(Froneman et al.,, 2001; Afdhal et al.,
2013). Avrtificial wetlands typically exhibit
lower population densities than natural
wetlands, as were observed in many
studies (Tourenqg et al., 2001; Ma et al.,
2004; Rajpar et al., 2022).

The specific characteristics of
irrigation ponds have a direct correlation
with the population and diversity of
waterbirds. However, the specific impacts
can differ among different species groups
(quilds), as noted by Sanchez-Zapata et al.
(2005) and Wiens (1989). Multiple studies
have examined the correlation between
environmental factors and wetland bird
populations in man-made wetlands located
in agricultural areas (Choi et al., 2015;
S'anchez-Zapata et al., 2005; Sebastian-
Gonz'alez et al., 2010; Almeida et al.,
2020).

In the current investigation the
analysis of variance did not indicate any
statistically significant differences between
bird species in natural settings compared to
artificial habitats, or between deep and
shallow water zones. This ay indicated that
the distribution and diversity of waterbird
species remained largely stable across
various habitats and water depths during
the study period.

Various studies have indicated that
the depth of water plays a crucial role in
influencing the use of wetland habitats by
waterbirds (Colwell & Taft 2000; Isola et
al., 2002; Liang et al., 2022). The depth of
the water has a direct impact on the
availability of waterbirds. This is because
their physical characteristics, such as the
lengths of their tarsometatarsi, impose
limitations, as observed in studies by
Collazo et al. (2002) and Darnell & Smith
(2004). The community of waterbirds has a
favorable correlation with the regulation of
water level (Isola et al., 2002; Sebastian-
Gonzalez & Green 2014; Larson et al.,
2020).

The study emphasized the
divergent feeding preferences observed
among waterbird species in Dakhla and
Kharga. Kharga birds exhibited a greater
inclination towards consuming meat-based
diets, while Dakhla birds displayed a
predilection for diets primarily consisting
of insects. Nevertheless, both populations
displayed a substantial number of
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omnivores, suggesting their capacity to
adapt. Even within species, waterbirds
exhibit significant variation in their dietary
choices, and their dietary patterns vary
based on patterns of land use (Adhurya et
al., 2020; Rajpar et al., 2022; Mott et al.,
2023). In addition, waterbirds could alter
their dietary composition based on the
season and their location (Almeida et al.,
2020; Anton-Tello et al., 2021) Red knot
feeds on hard shelled mollusks during the
winter and soft-bodied arthropods during
the summer (Davis & Smith, 2001).
Diversity indices offer valuable
insights into the organization and makeup
of waterbird groups. In comparison to
Kharga, Dakhla displayed greater species
richness, Shannon-Weiner diversity, and
Simpson diversity. Nevertheless, Kharga
exhibited greater evenness, indicating a
more equitable distribution of species
abundances. These findings emphasize the
significance of using different diversity
indices to thoroughly evaluate the dynamic
of waterbirds. Community-level studies
indicated that both local and regional
landscape characteristics influence the
diversity of species in a particular area as
mentioned by Yifei et al. (2020).

Implications for Conservation

Conservation efforts should focus on
maintaining the ecological integrity of the
studied habitats to support resident and
migratory waterbird populations.
Additionally, continued monitoring and
research are essential for understanding
long-term trends and implementing
effective management strategies.

CONCLUSION:

Waterbird communities play vital
roles in ecosystem dynamics and reflect
the health and vitality of aquatic habitats.
The current work explores the structure,
abundance, and diversity of waterbird
species recorded in natural and artificial
agricultural wastewater habits within the
New Valey Governorate. Through a
comprehensive  analysis of  species

composition, relative abundance, food
guild diversity, and divergent indices, this
study elucidates key insights into the
ecological dynamics of these local
ecosystems. Understanding the
distribution and behavior of waterbird
populations is fundamental for developing
conservation  strategies aimed  at
preserving biodiversity and the overall
health of aquatic ecosystems in the
investigated Egyptian habitats.

REFERENCES

Adhurya, S.; Das, S. and Ray, S. (2020).
Guanotrophication by waterbirds in
freshwater lakes: a review on
ecosystem perspective. Mathematical
Analysis and  Applications in
Modeling: ICMAAM 2018, Kolkata,
India, January 9-12, pp.253-269.

Afdhal, B.; Charfi-Cheikhrouha, F. and
Moali, A. (2013). Tunisian man-
made wetlands as alternative habitats
for waterbirds and their role for
conservation. Afr. J. Ecol.,
51(1):154-163.

Almeida, B.A.; Sebastian-Gonzalez, E.;
dos Anjos, L. and Green, A.J.
(2020). Comparing the diversity and
composition of waterbird functional
traits between natural, restored, and
artificial wetlands. Freshwater Biol.,
65(12):2196-2210.

Anton-Tello, M.; Britto, V.O.; Gil-
Delgado, J.A.; Rico, E.;Dies, J.l;
Monrés, J.S. and Vera, P. (2021).
Unravelling diet composition and
niche segregation of colonial
waterbirds in a Mediterranean
wetland using stable isotopes. Ibis,
163(3):913-927.

Bruun, B. and EI Din, B. (1985). Common
birds of Egypt. American University
in Cairo Press.

Choi, C-Y.; Battley, P.F.; Potter, M.A;
Rogers, K.G. and Ma, Z.J. (2015).
The importance of Yalu River
coastal wetland in the north Yellow
Sea to Bar-tailed Godwits Limosa
lapponica and Great Knots Calidris



89

Diversity and abundance of migratory waterbird communities in natural and artificial
agricultural wastewater habitats of New Valley Governorate, Egypt

tenuirostris during northward
migration. Bird Conserv. Int., 25:53—
70

Churcher, C.S.; Kleindienst, M.R.;
Wiseman, M.F. and McDonald,
M.M. (2008). The Quaternary faunas
of Dakhleh Oasis, Western Desert of
Egypt. In Proceedings of the second
international  conference of the
Dakhleh Oasis project. Oxford:
Oxbow Books (pp. 1-24).

Collazo, J.A.; O’Harra, D.A. and Kelly,
C.A. (2002). Accessible habitat for
shorebirds: factors influencing its
availability and conservation
implications. Waterbirds, 25(2):13-
24.

Colwell, M.A. and Taft, O.W. (2000).
Water bird communities in managed
wetlands of varying water depth.
Waterbirds, 23:45-55.

Cottridge, D. and Porter, R. (2001). A
photographic guide to birds of Egypt
and the Middle East. New Holland.

Darnell, T. and Smith, E.H. (2004). Avian
use of natural and created salt marsh
in Texas, USA. Waterbirds, 27, 355-
361.

Darwish, M. H. and Galal, W. F. (2020).
Spatiotemporal effects of wastewater
ponds from a geoenvironmental
perspective in the Kharga region,
Egypt.  Progress in  Physical
Geography: Earth Environ.,
44(3):376-397. https://doi.org/
10.1177/0309133319879321

Davis, C.A. and Smith, L.M. (2001).
Foraging strategies and niche
dynamics of coexisting shorebirds at
stopover sites in the southern Great
Plains. Auk, 118(2):484-495.

Deitmers, R.; Buehler, D. A.; Bartlett, J. G.
and Klaus, N.A. (1999). Influence of
point count length and repeated visits
on habitat model performance. J.
Wildl. Manag., 63(3), 815-823.

Donnelly, J. P.; King, S. L.; Silverman, N.
L.; Collins, D. P.; Carrera-Gonzalez,
E. M.; Lafon-Terrazas, A. and

Moore, J.N. (2020). Climate and
human water use diminish wetland
networks supporting  continental
waterbird migration. Global Change
Biology, 26(4):2042-2059.

Elbeih, S.F. and Zaghloul, E.A. (2021).
Hydrologeological and hydrological
conditions of Dakhla Oasis. In book:
Sustainable Water Solutions in the
Western Desert, Egypt: Dakhla
Oasis, pp.185-201.

Elphick, C.S. and Oring, L.W. (2003).
Conservation implications of
flooding rice fields on winter

waterbird ~ communities.  Agric.
Ecosyst. Environ., 94:17-29.
doi:10.1016/S0167-8809(02)00022-
1

Fan, J.; Wang, X.; Wu, W.; Chen, W.; Ma,
Q., and Ma, Z. (2021). Function of
restored wetlands for waterbird
conservation in the Yellow Sea
coast. Sci. Total Environ.,
756:144061.

Froneman, A.; Mangnall, M.J.; Little,
R.M. and Crowe, T.M. (2001).
Waterbird assemblages and
associated habitat characteristics of
farm ponds in the Western Cape,
South Africa. Biodivers. Conserv.
10, 251-270.

Goodman, S.M.; Meininger, P.L. and
Mullié, W.C. (1986). The birds of
the Egyptian Western Desert. Misc.
Publ. Univ. Michigan Mus. Zool.,
172:1-91.

HBW and Bird Life International (2022).
Handbook of the Birds of the World
and Bird Life International digital
checklist of the birds of the world.
Version 7. Available at:
http://datazone.birdlife.org/userfiles/f
ile/Species/Taxonomy/HBW-Birdlife
Checklist_v7_ Dec22.zip.

Ibrahim, W.A.L. (2011). An overview of
bird migration studies in Egypt.
Ring, 33(1-2): 55-75.

Isola, C.R.; Colwell, M.A.; Taft, O.W. and
Safran, R.J. (2002). Interspecific


https://doi.org/

90

Eman M. E. Mohallal

differences in habitat use of
shorebirds and waterfow! foraging in
managed wetlands of California’s
San Joaquin Valley. Waterbirds,
25(2):196-203

IUCN (2021). The IUCN Red List of
Threatened Species. Version, 2021,
1. https://www.iucnredlist.org; 2021
Aug 22.

Julian, J.T.; Craig, D.S. and Young, J.A.
(2006). The use of artificial
impoundments by two amphibian
species in the Delaware Water Gap
National Recreation Area. Northeast
Nat. 13(4):459-468. do0i:10.1656/
1092-6194(2006)13[459: TUOAIB]
2.0.C0O;2

Kiros, S.; Afework, B., and Legese, K.
(2018). A preliminary study on bird
diversity and abundance from Wabe
fragmented forests around Gubre
subcity and  Wolkite  town,
southwestern Ethiopia. Int. J. Avian
Wildlife Biol., 3(5):333-340.

Knutson, M.G.; Richardson, W.B,;
Reineke, D.M.; Gray, B.R;
Parmelee, J.R. and Weick, S.E.
(2004). Agricultural ponds support
amphibian populations. Ecol. Appl.,
14(3):669-684. doi:10.1890/02-5305

Larson, D.M.; Cordts, S.D. and Hansel-
Welch, N. (2020). Shallow lake
management enhanced habitat and
attracted waterbirds during fall
migration. Hydrobiologia, 847(16):
3365-33709.

Lei, W.; Wu, Y.; Wu, F.; Piersma, T
Zhang, Z. and Masero, J.A. (2021).
Artificial wetlands as breeding
habitats for shorebirds: A case study
on Pied Avocets in China’s largest
saltpan  complex. Frontiers in
Ecology and Evolution, 9:622756.

Liang, W.; Lei, J.; Ren, B.; Ranxing, C;
Yang, Z.; Wu, N. and Jia, Y. (2022).
The impacts of a large water transfer
project on a waterbird community in
the receiving dam: a case study of
Miyun reservoir, China. Remote

Sensing, 14:417. https://
doi.org/10.3390/rs14020417

Ma, Z.; Li, B.; Zhao, B.; Ping, K.; Tang. S.
and Chen, J. (2004). Are artificial
wetlands good alternatives to natural
wetlands for waterbirds?—A case
study on Chongming Island, China.
Biodivers.  Conserv., 13, pp.333-
350.

Maeda, T. (2001). Patterns of bird
abundance and habitat use in rice
fields of the Kanto Plain, central
Japan. Ecol. Res., 16:569-585.
doi:10.1046/j.1440-1703.2001.00418.x

Masero, J.A.; Abad-Gomez, JM,;
Gutiérrez, J.S.; Santiago-Quesada,
F.; Senner, N.R.; Sanchez-Guzman,
J.M.; Piersma, T.; Schroeder, J.;
Amat, J.A. and Villegas, A. (2017).
Wetland  salinity induces  sex-
dependent carry-over effects on the
individual performance of a long-
distance migrant. Scientific reports,
7(1):6867.

Mediterranean ~ Wetlands  Observatory
(2012). Biodiversity — Status and
trends of species in Mediterranean
wetlands. Thematic collection, issue
# 1. Tour du Valat, France. 52 pages.
ISB N: 2-910368-58-0".

Mohallal, E.M. and Ahmed, H. (2018).
Surveys of wild vertebrates in the
Kharga and Dakhla oasis and their
impact on the new reclamation areas
in Egypt. Egypt. J. Desert Res.,
68(2): pp.259-276.

Mohallal, E.M. (2023). Exploring Siwa
Lakes: A Study on the Distribution
and Abundance of Wild. Egypt. J.
Aquat. Biol. Fish., 27(6):343-360.

Mohamed, H.A.Z. and Zeid, A. (2015).
Environmental assessment of the
agricultural drainage pools in El-
Dakhla depression, Western desert of
Egypt" a study in physical
geography” using remote sensing

techniques and geographic
information systems. Assiut
University Bulletin for



91

Diversity and abundance of migratory waterbird communities in natural and artificial
agricultural wastewater habitats of New Valley Governorate, Egypt

Environmental Researches, 18 (2): 1-
30

Mott, R.; Prowse, T.A.; Jackson, M.V.;
Rogers, DJ.; O'Connor, JA,
Brookes, J.D. and Cassey, P.(2023).
Measuring  habitat  quality  for
waterbirds: A review. Ecol. Evol.,
13(4):.e9905.

Mullarney, K.; Svensson, L.; Zetterstrom,
D. and Grant, P.J. (1999). Bird Guide
(the most complete field guide to the
birds of Britain and Europe). Harper
Collins Publishers Ltd., London.

Mdrias T.; Cabral JA.; Lopes R.; Marques
JC. and Goss-Custard J. (2002). Use
of traditional salines by waders in the
Mondego estuary (Portugal): a
conservation perspective. Ardeola
49:223-240

Newton I. (2008). The Migration Ecology
of Birds. Acad. Press, London.

Omar, M.A.A. (2020). Survey of some
wild birds and their feeding habits in
three types at Assiut governorate,
Egypt. Arch. Agric. Sci. J., 3(2):
137-144.

Pandiyan, J. and Nagarajan, R.(2014).
Agricultural wetlands as alternative
habitats for waterbirds. J. Sci. Trans.
Environ. Technol, 7:154-157.

Paracuellos, M. and Telleria, J.L. (2004).
Factors affecting the distribution of a
waterbird community: The role of
habitat configuration and bird
abundance. Waterbirds, 27(4):446—
453.

Pérez-Garcia, J.M.; Sebastidn-Gonzalez, E.
and Alexander, K.L. et al
(2014).Effect of landscape
configuration and habitat quality on
the  community  structure  of
waterbirds using a man-made habitat.
Eur. J. Wildl. Res., 60: 875-883.
https://doi.org/10.1007/s10344-014-

0854-8
Qiu, J.; Zhang, Y. and Ma, J. (2024).
Wetland habitats supporting

waterbird diversity: Conservation
perspective on biodiversity-

ecosystem functioning relationship.
J. Environ. Manag., 357:120663.

Rajpar, M.N.; Ahmad, S.; Zakaria, M.;
Ahmad, A.; Guo, X.; Nabi, G. and
Wanghe, K. (2022). Artificial
wetlands as alternative habitat for a
wide range of waterbird species.
Ecological Indicators, 138:108855.

Rendon, M.A.; Green, A.J.; Aquilera E.
and Almaraz, P. (2008). Status,
distribution and long-term changes in
the waterbird community wintering
in Dofana, southwest Spain. Biol.
Conserv., 141:1371-1388.

Sanchez-Zapata, JA.; Anaddn, JD.;
Carrete, M.; Giménez, A.; Navarro,
J.; Villacorta, C. and Botella, F.
(2005). Breeding waterbirds in
relation to artificial pond attributes:
implications for the design of
irrigation  facilities. Biodivers.
Conserv., 14:1627-1639. doi:
10.1007/s10531- 004-0534-1

Sebastian-Gonzalez, E. and Green, AJ.
(2014). Habitat use by waterbirds in
relation to pond size, water depth,
and isolation: lessons from a
restoration in  southern  Spain.
Restoration  Ecol., 22:311-318.
https://doi.org/10.1111/rec.12078

Sebastian-Gonzalez, E.; Sa&nchez-Zapata,
JA. and Botella, F. (2010).
Agricultural ponds as alternative
habitat for waterbirds: spatial and
temporal patterns of abundance and
management strategies. Eur. J. Wildl.
Res., 56:11-20.

Shannon, C. E. and Weaver, W. (1949).
The  mathematical  theory  of
communication, (p. 144). Urbana:
University of Illinois Press.

Shine, C. and Klemm, C. (1999).
Wetlands, water and the law: using
law to advance wetland conservation
and wise use. UICN, Gland.

Simpson, E.H. (1949). Measurement of
diversity. Nature, 163:688.

Svensson, L. and P.J. Grant. (2001). Bird
Guide: The most complete field



92

Eman M. E. Mohallal

guide to the birds of Britain and
Europe (Paperback). Harpercollins,
Uk.

Taft, O.W. and Haig, S.M. (2005). The
value of agricultural wetlands as
invertebrate resources for wintering
shorebirds. Agric. Ecosyst. Environ.,
110:249-256. doi:10.1016/j.agee.
2005.04.012

Toureng, C.; Bennets, R.E.; Kowalski, H.;
Vialet, E.; Licchesi, J-L.; Kayser, Y.;
Isenmann, P. (2001). Are rice fields a
good alternative to natural marshes
for waterbird communities in the
Camargue, southern France? Biol.
Conserv., 100:335-343. doi:10.1016/
S0006-3207 (01)00037-4

Turner, RK.; Van den Berg, J.C.J.M,
Soderqvist, T.; Barendregt, A.; Van
den Straaten, J.; Maltby, E. and Van
lerland, E.C. (2000). Ecological-
economic analysis of wetlands:

Scientific integration for
management and policy. Ecol. Econ.,
35:7-23.  doi:10.1016/S0921-8009
(00)00164-6.

Wetlands International. (2014). IWC
Online Database. http://iwc.
wetlands.org.

Wiens, J.A. (1989). The ecology of bird
communities.  Foundations  and
Patterns.  Cambridge  University
Press, New York.

Yifei, J.ILA.; Qing, Z.E.N.G.; Yuyu,
W.AN.G,; Saintilan, N.;
Guangchun, L.E.l. and Li, W.E.N.
(2020). Processes shaping wintering
waterbird communities in  an
intensive modified landscape:
Neutral assembly with dispersal
limitation and localized competition.
Ecological Indicators, 114, p.106330.


http://iwc/

93
Diversity and abundance of migratory waterbird communities in natural and artificial

agricultural wastewater habitats of New Valley Governorate, Egypt

Appendix (1)

Marsh sandpiper

Northern shoveler Ferruginous duck

Yellow wagtail




Eman M. E. Mohallal

Appendix (1)

Marsh sandpiper

Ruff

Little stint and Common snipe

Iack-inged stilt

Glossy ibis

S S rm— —— w—
e et iy

Common tern

L EENE S

94



95
Diversity and abundance of migratory waterbird communities in natural and artificial

agricultural wastewater habitats of New Valley Governorate, Egypt

Ao linall g daadal) 2130 i puall slia Ji) ga B 5 algal) Apilall ) gabal) claaina 3 A9 9 £ o
paa cdall 954\33\ Z\.Bém

Jge S e gana Glad)
_)\AA"BJALU\ c:\._._\)LAAS\ sae)l:.\d\g_'i;lat)u\ 6;\);‘45\3_1);.3)'5),«

oaldliall

Aol 8 degadall @ ) 8 sl g0l Ak b de gl 5 saleal) Al ) gudall A o ) Jasdl 138 Caagy
XY ol Y YT aains (e syl JOA da Al 8 dpelihal) Aol ) 3l Cigeall O s 89 dase By
5oalge il YA Lgia ) gulall (e lalida 12 63 Y'Y Al 5 Apma 5l 5 B 081 5 jag) and o o Al all 28 &S
axai Al Charadriiformes 45 & 4e saaa Sl calS 2lle VY sdline i) A () 83 geasall ) subal) et
il s 385 ¢ Gl YL 3l e o S lane a5 Al b CR& A s i LS lall e e 58 ) €
e ¢ gl il cll Gladitall Joy by pseall 5 shdall e laa (i) (i 55 Gle o gaall Al 3 5
et Alsad) 5 selal) e (o %A S E ity G Aipend) Blalially 4 jlie Aaaall dplal) Blaliall Ll Laay)
e ) a5 Y)Y Ay ¢ ST e gl Hig- el dises Sl gl gl lacly el dale S 5 g g s
L@l b ¢Sl e g3l iy aiati culS Alalal) dilaie off s 5 A Al D)l Wl 3l ST & site )ik
Claly ) Cpadgall IS elals aBige JS A (s sbuailly 6 e <l bl gl o () Jally i (gl IS (0
Aal )y ol g la i lydge 0 Ca jeall slie Jil sa dali g2l 4l ) sall o 55 Laa cadlacl g o) ) & 535 85 S

Boalgal) Al ) sl

:\.L\A:.“) sl bl -ca:::;\))'j\ L_Q)‘Aj\ ol - 3)5}5\ -BJ;L@_AS\ J}.\H\ ;2,3;135.‘3\ Calalsl)



