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Abstract.We carried out a study on dynamics of the Common Moorhen, Gallinula chloropus, a
synanthropic rallid (Aves, Gruiformes), to elucidate the adverse effects this species has possibly
suffered from the markedly increased habitat degradation that has been taking place over the last
decades at Boussedra Pond, north-eastern Algeria. During the period 2015-2018, this wetland-related
species showed an annual 35.4% decrease in its numbers, and the number of breeding pairs, which
was monitored between 2008 and 2018, experienced an annual drop of 4.9%. The clutch size, a key
determinant of breeding performance, averaged 4.7 + 1.0 eggs (N = 26 clutches) in 2018 and was
significantly lower than those reported in previous studies. As a result of anthropogenic activities,
the size of the marsh decreased by more than 50% over the 1984-2018 period. The long-lasting
shrinkage of this relict wetland was accompanied by the expansion of built-up areas (>50%) and
cultivated plots, and, also, by a marked reduction in natural both wet- and dry-land habitats in its
vicinity. We suggest that the decrease in the population trend and the breeding performance of the
Common Moorhen could be indicative of the species stress response to the long-lasting land conver-
sion, pressuring the relict habitat of Boussedra Pond.
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INTRODUCTION Wiens 1989; Gregory et al. 2008; Benassi et al. 2007).
The habitat use by waterbirds is primarily affected by
habitat composition, structure and heterogeneity, food

resources, climate, and mortality (Ogden et al. 2014).

In recent decades, important environmental changes
have affected wetlands worldwide (Gibbs 2000; Sun
et al. 2015). A similar adverse trend has impacted
Mediterranean wetlands (de Bélair and Samraoui
1994; Benslimane et al. 2019), with consequent local-,
medium- and large-scale effects on many waterbirds,
using these ecosystems as wintering areas, migratory
stopovers or breeding sites (Battisti et al. 2008; Parac-
uellos 2008). In the face of environmental perturbations,
species show varying capacity of persistence, and their
response may be mediated by a range of behavioral
and physiological adaptations to environmental and
human-induced stresses (Hofmann and Todgham 2010;

Due to their commonness and wide distribution, rails
(Gruiformes, Rallidae), which are usually associated
with marshy habitats covered by dense vegetation (De
Kroon 2004), are considered to be good biological
models for monitoring anthropogenic (human-induced)
changes in wetlands (Samraoui et al. 2015). Notably, the
Common Moorhen (Gallinula chloropus) is a territo-
rial and generalist rail, which exploits a wide spectrum
of habitats ranging from rivers and canals to lakes and
ponds (Wood 1974; Cramp and Simmons 1980; Talbi
et al. 2020). In Northern Africa, the Common Moorhen

Battisti et al. 2016), with inter-specific and intra-specific
variations (Oliver et al. 2015).

Waterbirds respond differently to environmental chang-
es and, in many cases, they are considered to be most
suitable bio-indicators for assessing the general status
of wetlands and the threats facing them (Temple and

is a sedentary species that breeds and winters in a large
number of wetlands (Samraoui and Samraoui 2008;
Samraoui et al. 2011), and shows high resilience to
anthropogenic changes (Smith and Chow Fraser 2010;
Samraoui et al. 2013). In addition, the status of the spe-
cies in the region has been well documented, and many
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aspects of its life history have been described. Due to
the detailed studies documenting its breeding ecology
in altered habitats (Samraoui et al. 2013; Meniaia et al.
2014), the species may be considered to be a suitable
bio-indicator of the ecological integrity of wetlands
under severe anthropogenic stress.

Boussedra Pond (North-castern Algeria) is an important
wintering and nesting marsh for many waterbird species
(Samraoui et al. 2011). This marsh is directly affected by
urbanization, causing large area losses and significant dis-
ruption of the natural and functional status of the aquatic
ecosystem. The unabated landfill of Boussedra Pond has
led to the plant cover decline. Distinct plant communities
of the marsh serve as feeding and breeding areas for the
migratory or resident avifauna. However, a large number
of human-induced disturbances (sensu Battisti et al. 2016)
act on waterbirds (Zacchei et al. 2011). These distur-
bances may have implications on the breeding ecology
of waterbirds, which might respond to these disturbances
by modifying their ecology and behavior.

The rapid decrease in waterbird diversity has aroused
worldwide concern and heightened the need for these
species’conservation (Wang et al. 2018). The present
study aims at enhancing our knowledge of the trans-
formation extent that the landscape around Boussedra
Pond, a relict wetland, has undergone over the 1984—
2018 period. The available baseline data on breeding
pairs, nesting success (2008) and winter counts (2015)
of the Common Moorhen Gallinula chloropus in this
severely disturbed wetland, facing an increasing number
of anthropogenic threats, manifest the negative effect
of the habitat deterioration on the nesting success and
population dynamics of this species.

METHODS

Study area

The fieldwork was carried out at the Boussedra Pond
(36°50'45" N, 7°43'47" E), which lies within El Bouni, a
suburb of the coastal town of Annaba (Figure 1). This un-
protected freshwater marsh is dominated by Scirpus mar-
itimus and Typha angustifolia. A small stand of Tamarisk
trees Tamarix gallica is also found on its southern shore.
The weather is typically Mediterranean with a dry and hot
period between May and October and a wet period between
November and April. Since 2003, the site has been used
as a landfill resulting in the loss of over 30% of its former
area by 2011 (Samraoui et al. 2012, 2013). Since then,
the degradation of Boussedra Pond has been proceeding
unabated. The site is recognized as an Important Bird Area
(Fishpool and Evans 2001) due to its role as a wintering and
breeding ground for the globally threatened White-headed
Duck Oxyura leucocephala and Ferruginous Duck Aythya
nyroca (Samraoui and Samraoui 2008).

Sampling protocol

An exhaustive sampling was carried out twice a month
from December 2017 to April 2018, to identify and
determine the phenological status of the Common
Moorhen at Boussedra Pond. The inventory was made
from two observation points overlooking the site using
an ornithological telescope (KONUS-SPOT 20-40 x
60). An individual count was carried out in cases where
the population was very close (less than 200m) and did
not exceed 200 individuals. Where the population was
remote or its number was fairly large, visual estimates
were made (Meziane et al. 2014).
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Figure 1. Map of the study area, Boussedra Pond (Algeria).
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The data were collected twice a week during the breed-
ing season between early May and the end of July 2018.
All nest positions were recorded using a Global Position-
ing System (GPS), and with the help of a kayak, each
nest was found and labeled with a distinct code. The
height of the nest above water, the water depth, and the
external and internal diameters were measured.

The vegetation density (% cover) was visually esti-
mated in a 4 x 4-m square centered on the nest. Eggs
were given a number, with a permanent marker. Egg
length (L) and egg breadth (B) were measured to the
nearest 0.1 mm using digital vernier calipers. Egg vol-
ume (V) was calculated using Hoyt’s (1979) formula:
(V=0.000509*L*B?). Clutches were deemed completed
when the number of eggs remained unchanged between
subsequent visits. The date when the first egg of a clutch
was laid was used as the laying date of a nest (Lack
1950). When nests were found after the clutch was
completed, the first-egg date was inferred from hatch-
ing dates with the incubation period assumed to be 22
days long. The outcome was also recorded (success,
depredation or mortality due to other causes) (Huxley
and Wood 1976; Samraoui et al. 2013).

Land cover change and population monitoring

The images obtained from Google Earth (for the years
1984, 1998, and 2018) were classified by Earth Obser-
vation Tools using the open-source QGIS environment
(with a 10 km? buffer zone), to provide land use and
land cover (LULC) information.

Unpublished data (F. Samraoui, unpub.) allowed us to
assess changes in the wintering peak population in the
period 2015-2018 by calculating the annual growth
rate using the formula ((f/s)*(1/t)-1)*100, where f and
s are the final and starting values, respectively, and t
represents the elapsed period between the two (Touati
etal. 2017). Likewise, the data for the breeding season
of 2008 (Samraoui et al. 2013) allowed us to estimate
changes in the number of active nests in the period
2008-2018 using the same formula.

Statistical analysis

A Generalized Linear Model (GLM) with a Poisson er-
ror distribution and a log link function was performed to
test whether the clutch size could be explained by nest
characteristics (egg laying date, nest height, external
diameter, vegetation density and water depth). Similarly,
a GLM with binomial error distribution and a logit link
function was used to test whether nesting success could
be explained by nest characteristics. A backward selection
approach was used and the goodness of fit was evaluated
using the log-likelihood of the data given the estimated
parameters. Selected models were subsequently validated.

One-sample #-tests were conducted to test whether the
recorded clutch sizes were significantly different from
the mean clutch sizes previously reported at Boussedra
Pond (Samraoui et al. 2013) and Lake Tonga (Meniaia et
al. 2014). All statistical analyses were carried out using
R (R Development Core Team 2019).

RESULTS

Land conversion

Patterns of land use and land cover (LULC) in and
around Boussedra Pond,clearly indicated that between
1984 and 2018, significant land changes had occurred
(Figure 2a,b). In the surrounding area of Boussedra
Pond, built-up areas had doubled in size, their percent-
age of the total area increasing from 25.5% to 50.2%. At
the same time, the surface occupied by grassland shrank
from 69.9% to 47.6%. The decline in natural vegeta-
tion is even more pronounced as the land converted to
agricultural use, a phenomenon on the increase over the
same period (1984-2018), was recorded as “land under
vegetation”. Thus, both built-up and agricultural areas
expanded at the expense of natural terrestrial vegetation.
Similarly, the relict wetland, Boussedra Pond, also in-
curred considerable modifications, with the total marsh
area shrinking by more than 50% (from 4.7% to 2.2%)
between 1984 and 2018. This modification corresponded
to the conspicuous loss of water and aquatic vegetation
within the marsh (Table 1, Figure 2a,b).

Table 1. Size area of Boussedra pond, terrestrial vegetation and
built areas all in m? in the study years (1984, 2008, 2018).

Terrain 1984 2008 2018
Boussedra Pond (m?) 470,000 | 290,000 | 220,000
Terrestrial vegetation (m?) | 6,984,757 | 5,903,806 | 4,755,830
Built-up areas (m?) 2,545,243 | 3,806,194 | 5,024,170

Winter abundance and phenology
The number of moorhens rose from December 2017 to
February 2018 peaking at 77 individuals before declin-
ing (Figure 3). Compared to the previous peak of 286
birds recorded in 2015, the recent peak represents a
decline of 35% in total abundance.

Nest characteristics and breeding phenology

All the nests, 26 in number, in 2018 were recorded
within Typha angustifolia stands (Table 2). Egg laying
started in May and ended on 19 July, with a peak ob-
served on 28 June (Figure 4a). When compared to the
previous survey of breeding pairs in 2008 (Samraoui
et al. 2013), the recorded number of nests represents a
drop of 4.9%.
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Figure 2. Changes in landscape cover in a 10 km? buffer zone around Boussedra Pond in 1984, 2008, and 2018 (a), and

percent cover (%) change (b).

Table 2. Nesting sites and nest characteristics of Common  Egg characteristics, clutch size and hatching success
Moorhen at Boussedra Pond in 2018.

in 2018

The mean recorded egg length, breadth and volume (n =

- o Mean=sd  Min Max g o00s) was 43.3 = 1.9 mm, 30.6 + 1.5 mm and 20.8
Characteristics of nesting sites 3 . .
Water depth (cm) 5073+1701 | 22 | 88 | *+2.5cm’, respectively (Table 3). The mean clutch.51ze
Water/nest distance (cm) 3523+1577 | 10 | 68 was 4.7 + 1.0 eggs (range 1-9; n = 26 clutches) with 4
Vegetation height (cm) 158.77+41.96 | 58 | 250 | egg-bearing nests being the most prevalent (Figure 4b).
Density (%) 57.50+20.46 | 20 | 95 | Wealso compared the recorded clutches with the mean
Nest measurements values (6.7 and 7.0) reported by Samraoui et al. (2013)
External diameter (cm) 20.54£3.29 1 14 | 30 | 5 Boussedra and Meniaia et al. (2014), respectively.
Internal diameter (cm) 1346245 1 9 ) 20 Both one-sample #-tests were associated with statisti-
Height (cm) 9.42 +4.56 4 20

cally significant effects (#(25) =-5.0, p = 3.8 e-05) and
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Figure 3. Monthly changes of wintering Common Moorhen
at Boussedra Pond during the season 2017-2018.
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Figure 4. Distribution of egg laying date (a) and clutch size
(b) of Common Moorhen at Boussedra Pond in 2018.

(1(25)=-5.8, p=5.4 e-006), respectively. Thus, the clutch
sizes recorded by us were significantly smaller than
those reported by Samraoui et al. (2013) and Meniaia
etal. (2014).

During the study period, the overall nesting success was
69% (nests with at least one chick that survived until it
left the nest) and the hatching rate was 71% (n = 18).
Nest failure was mainly due to predation (31%) by the
Viperine Snake Natrix maura and other unidentified
predators. The Poisson GLM showed no seasonal vari-
ation in clutch size (p= 0.11), whereas, as indicated by
the binomial GLM, nesting success showed a marginally

positive trend with delayed egg laying (p = 0.05). Nest
characteristics (nest height, external diameter, vegeta-
tion density and water depth) had no significant impact
on clutch size or breeding success.

Table 3. Egg measurements of Common Moorhen at Bousse-
dra Pond in 2018 (N = 118 clutches).

Mean + sd Min Max
Egg measurements
Length (mm) 43.33+1.90 3991 | 48.51
Breadth (mm) 30.62 +1.52 2744 | 36.96
Volume (cm?) 20.76 +2.53 15.82 | 30.13

DISCUSSION

Boussedra Pond and the landscape surrounding it have
changed markedly over the 1984-2018 period. Human
encroachment into the area surrounding this relict wet-
land, as reflected by built-up areas and agricultural land,
has significantly expanded impacting on the natural ter-
restrial vegetation. Besides providing various ecosystem
services (pollination, pest control, soil stabilization and
carbon stocking) (Bolin 1977), terrestrial vegetation
shelters nesting birds such as Mallard Anas platyrhyn-
chos (Fouzari et al. 2018). Thus, the loss of terrestrial
vegetation has indirect but serious implications for the
ecological integrity of the marsh (Stewart et al. 2016).

In the period 1984-2018, the marsh was also directly af-
fected by human activity and therefore sustained heavy
damage: its size halved. The construction of the univer-
sity campus at the town El Bouni proved instrumental
in reducing the marsh land area, as the soil excavated
during construction was dumped in the marsh. Both
areas of open water and aquatic vegetation shrank with
consequential effects on breeding birds and invertebrates
(Tscharntke 1992). The combined effect of all these
changes, leading to the loss of habitat heterogeneity and
impairment of its functioning, has been shown to have
deleterious consequences on Mediterranean wetlands
and birds breeding therein (Paracuellos 2008; Battisti
et al. 2008).

The Common Moorhen showed a hump-shaped pattern
in abundance during the wintering season 2017-2018,
with a peak in February when the local population of
this species was composed of residents and wintering/
passage migrant birds. The abundance progressively
decreased as a result of both extrinsic (departure of
wintering birds) and intrinsic factors (sampling bias:
the elusive behavior of individuals during the breeding
period makes them less noticeable). When compared
to the wintering season of 2014-2015 (unpublished),
the Common Moorhen population exhibited a marked
downward trend, declining annually by 35.4%, an unsus-
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tainable trend that requires prompt mitigating measures
(e.g. halting of poaching and landfilling).

The egg-laying date is an important trait that is fre-
quently used in reproductive studies (e.g. Krebs et al.
2002; Both et al. 2005; Fouzari et al. 2015). The onset
of egg-laying at Boussedra in 2018 was recorded in May
and lasted until mid-June, and the peak in the second
half of June was relatively late compared to those pre-
viously recorded at Boussedra Pond and Lake Tonga
(Samraoui et al. 2013: in mid-May; Meniaia et al. 2014:
early May and mid-May), suggesting the late arrival of
breeding pairs (Samraoui et al. 2013). However, this
discrepancy in the timing of egg-laying deserves further
investigation.

In total, 26 Common Moorhen’s nests were found
located in beds of Typha angustifolia, showing a clear
preference for lesser bulrush and dense vegetation,
which provide nesting cover and trophic resources
(Samraoui et al. 2013; Meniaia et al. 2014). Our find-
ings on nest sites correspond with the data obtained by
Samraoui et al. (2013) from neighboring sites in Algeria
and Forman and Brain (2004) in Northern Europe. If past
breeding surveys are used as baseline data, the present
number of breeding pairs is exhibiting a downwards
trend (-4.9%), which is likewise unsustainable and may
soon rule out the Common Moorhen as a breeding spe-
cies at Boussedra Pond.

Our data on the mean egg length and breadth were
well within the means and ranges cited in the literature
from Europe (north western Italy: length 44.3 + 1.8,
breadth 30.2 + 1.4, Fenoglio et al. 2003; UK: length
44.97 £ 0.04, breadth 32.05 £+ 0.02, Forman and Brain
2004) and from Algeria (Boussedra: length 43.5 + 1.6,
breadth 30.1 + 1.2/ Tonga : length 42.9 + 1.3, breadth
30.2 £0.8, Samraoui et al.2013; Tonga: length 42.49 +
1.72, breadth 29.60 + 1.24, Meniaia et al. 2014). Egg
size may be influenced by a range of factors including
maternal age, maternal quality and clutch size, and,
also, by the fact whether a clutch is a replacement or not
(Fjeldsa 2004; Saether 1990). However, our data suggest
that there is no latitudinal gradient influence on the egg
size of Common Moorhens. Similarly, we could not
detect the hypothetical impact that a change in habitat
at Boussedra Pond could make on egg size.

In contrast to egg size, the overall mean clutch size
recorded in the present study was significantly smaller
than the values previously reported from Boussedra
Pond (6.7 = 2.1, N= 14 clutches: Samraoui et al. 2013)
and Lake Tonga (7.03 &+ 2.5, n = 58 clutches: Meniaia
etal. 2014). As the marsh has decreased considerably in
size over the last three decades, the population density of
moorhens might have increased accordingly, leading to a
decreased mean clutch size due to intraspecific competi-
tion. This density-dependent regulation combined with

the persistent degradation of the marsh may lead to the
extirpation of moorhens as it happened in the case of
such marsh specialists as the Little Bittern Ixobrychus
minutus and Marsh Harrier Circus aeruginosus (B. Sam-
raoui, pers. obs.). Clutch size is a key determinant of
nesting success (Hogstedt 1981) and a reliable indica-
tor of habitat quality, including quality and quantity of
trophic resources (Coulson 1999).

In our study, the hatching success was within the range
recorded previously at Boussedra Pond and Lake Tonga
(Samraoui et al. 2013; Meniaia et al. 2014). Differences
may result from variation factors such as water depth
and predation (Salathé 1986, 1987), habitat character-
istics (e.g. high density of vegetation), the presence of
humans and related threats (Salathé 1987), physiological
nutrient reserves and individual fitness (Hepp 1984), and
finally, food supply and the timing of breeding (Perdeck
and Cavé 1992; Brinkhoff et al. 1993; Brinkhoff 1997;
Brinkhoff and Cavé 1997).

Regarding the disturbances to nesting birds, we recorded
a relatively high rate of nest failure in late spring, a
recurrent phenomenon coinciding with the beginning
of the school break. During this period, human intru-
sion (e.g. trampling, active search for nests by children)
adversely affects the fitness of waterbirds by disturbing
adults and chicks or facilitating predation (Anderson and
Keith 1980; Carney and Sydeman 1999; Voorbergen et
al. 2012). This wetland is close to an urban area, which
leaves nests exposed to the threat of failure. However,
most nests probably failed due to predation by the Vi-
perine Snake Natrix maura, which is a common snake
predator at Boussedra Pond (Battisti et al. 2006, Meniaia
et al. 2014). The loss of plant cover may contribute to
the vulnerability of clutches to predation (Samraoui et
al. 2013).

As for the water level in 2018, our results indicate that
the breeding success was not associated with water
depth. However, it is likely that a high-water level,
would impede human-induced disturbances and preda-
tion events (McRae 1997; Angelici et al. 2012; Meniaia
et al. 2014).

This study has presented the first assessment of the ex-
tent of land conversion in and around an urban marsh,
Boussedra Pond, now reduced to a relict wetland. It
has also provided an overview of the recent status and
breeding performance of the Common Moorhen, con-
sidered as a resilient rallid, whose breeding ecology is
relatively well known. Compared to a recent past (2008
and 2015), the Common Moorhen has been exhibiting
a decrease in its wintering and breeding populations at
Boussedra Pond, while its breeding performance has
been declining, suggesting a possible link with severe
anthropogenic impacts on its habitat. Further monitoring
of this relict wetland may inform about future population
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trends of waterbirds, and their responses to a rapidly
deteriorating environment (Samraoui et al. 2012).
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