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Abstract Estuarine areas worldwide are under intense
pressure due to human activities such as upstream dam
building. Shorebirds strongly depend on estuarine intertidal
flats during migration and wintering periods and so are
particularly vulnerable to such impacts, whose magnitude
will depend on the availability of alternative feeding hab-
itats. In this study we analyze if man-made saltpans can
represent an alternative habitat for wintering and migrating
shorebirds in the Guadiana estuary, a wetland that is
already experiencing environmental changes due to the
building of the Alqueva reservoir, the largest in Western
Europe. We compared the use of mudflats and saltpans as
feeding areas by several shorebird species before the con-
struction of the dam. A dataset with 26 years of counts data
was also analyzed in order to detect any long-term trend in
shorebirds abundance. We concluded that saltpans, in
particular the fully mechanized, can be used as an alter-
native habitat by larger species during winter and south-
ward migration, thus playing a major role in minimizing
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the possible effects of sediment loss due to dam building.
In contrast, smaller species were particularly dependent on
mudflats to feed. A significant change in population trends,
from positive to negative, was detected for two species.
Although we still have no evidence that this is directly
linked to dam building, this result and documented changes
that limit primary productivity justifies the implementation
of a long-term monitoring scheme of shorebird populations
in this estuary. We also reinforce the need to manage the
saltpans as key habitats for shorebirds.

Keywords Alqueva dam - Estuaries - Foraging
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Introduction

Estuaries are among the most important areas for shore-
birds during the winter and the migration periods (van de
Kam et al. 2004). Many shorebirds are highly adapted to
the tidally structured environment of estuarine habitats,
using the intertidal sediment flats to forage during low tide
(where they prey mainly upon macrobenthic invertebrates),
and moving to supratidal areas to rest when the tide rises
(Burger et al. 1977).

Estuaries worldwide are also under intense human
pressure, mainly related with land reclamation (Goss-
Custard and Yates 1992), pollution (Wolff 2000), and
disturbance (West et al. 2002; Stillman et al. 2007). Dam
building (even if several kilometers upstream) may also
have a large impact on estuaries, mainly caused by a
decrease in freshwater inflow and sediment input (e.g.,
Guillen and Palanques 1992; Carriquiry et al. 2001; Frihy
et al. 2003; Yang et al. 2005). As a consequence, after dam
construction the sediment flats on the estuary downstream
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tend to shrink and to experience a change in its granulo-
metric composition, which in turn can strongly affect the
benthic community (e.g., Ysebaert and Herman 2002).
Additionally, dam construction per se and the filling pro-
cess as well can have a considerable ecological impact
(such as on salinity levels and chlorophyll-a concentra-
tion), mainly due to the environmental instability experi-
enced during these phases (Domingues et al. 2007; Morais
et al. 2009). Shorebirds play an important role on the
estuarine food web as secondary consumers (Moreira 1997,
Kuwae et al. 2012) and, for that reason, are particularly
vulnerable to changes in the estuarine environment (Suth-
erland et al. 2012), namely in salinity levels and primary
productivity variations (both known to directly influence
the availability of their prey; e.g., McLusky et al. 1993;
Cardoso et al. 2002). In such cases, the existence of
alternative feeding areas for shorebirds may offset the
decrease on the availability and quality of their natural
(mudflat) feeding grounds (Masero 2003).

In fact, many birds use supratidal habitats such as
human-made saltpans, as a complementary feeding habitat
during the high-tide period, when sediment flats are sub-
mersed (Britton and Johnson 1987; Masero et al. 2000;
Masero and Pérez-Hurtado 2001; Yasué and Dearden
2009). Some species may even prefer to feed in saltpans
instead of mudfiats during the low tide period (Murias et al.
2002; Masero 2003; Dias 2009; Yasué and Dearden 2009).
Therefore, saltpans can potentially act as an alternative
feeding habitat for some shorebird species in case of
reduction or degradation of the intertidal flat area

Fig. 1 Study area and its
location in Iberian Peninsula.
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(Sripanomyom et al. 2011), as that related with an
upstream dam building.

The major aim of this study was to analyze if man-made
saltpans can represent an alternative feeding habitat for
wintering and migrating shorebirds in Guadiana estuary,
Portugal. This wetland is already experiencing changes in
its intertidal habitats due to the creation of the largest
reservoir in Western Europe (the Alqueva reservoir, Gua-
diana River, Southeast Portugal; Fig. 1), and so our results
also provide relevant baseline information for future
assessments of the impact of the dam. We analyzed two
different phases of the annual cycle of shorebirds—winter
and southward migration—, when major abundances were
recorded in the area (Dias 1999). We also present the first
analysis of the shorebird population trends before and after
the dam construction, using a dataset of bird counts col-
lected during the last 26 years (1987-2012).

Methods
Study Area

The study was carried out on the estuary of the Guadiana
River (Castro Marim, Algarve, southeast Portugal; Fig. 1).
This estuary has a narrow morphology mainly due to its
postglacial evolution and is in an advanced state of sedi-
ment infilling (Morales et al. 2006). The tidal regime in the
estuary is semidiurnal, with amplitude ranging between 1.3
and 3.5 m (Faria et al. 2000).
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The area is classified as a Natural Reserve and as a
Special Protected Area (part of the EU Natura 2000 net-
work) due to its international importance for shorebirds
during winter and migration periods (Heath and Evans
2000). It is characterized by a large saltpan area (ca.
576 ha) and a few intertidal sediment flats, mainly mudflats
(ca. 88 ha) (Fig. 1). There are three major types of saltpans
in Castro Marim: traditional, fully mechanized, and semi-
mechanized. They differ in some structural features that are
known to affect the occurrence of shorebirds (Dias et al.
1999, 2009). Traditional saltworks (where the salt is totally
extracted by hand) have comparatively smaller pans (in
general less than 0.5 ha), deeper waters (ca. 8 cm in
average), lower salinity (approx. 90 g/L), and higher walls
with denser vegetation cover. In contrast, fully-mechanized
saltworks have the larger pans (in general more than 5 ha),
shallower waters (approx. 5 cm in average), higher salinity
(approx. 100 g/L), and lower and bare walls. The semi-
mechanized saltworks represent an intermediate situation
between the others in most features, with pans with ca.
1-2 ha. These three types occupy ca. 50, 20, and 30 % of
the total saltpan area, respectively. There are no studies of
the invertebrate fauna present in the saltpans of Guadiana,
but in other saltpans (including some located in a nearby
area, in Ludo, Faro) the macrofauna community is com-
posed essentially by few, super abundant species with high
salinity tolerance such as Chironomidae and Ephydridae
larvae and Hydrobia mudsnails (Rufino et al. 1984; Batty
1992; Pedro and Ramos 2009).

The Alqueva dam began to be built in 1995, and its
floodgates were closed in February 2002, submerging (at
maximum storage level) an area of 25,000 ha and creating
one of the largest reservoirs in Europe (Morais et al. 2009).
A number of ecological changes have been documented
since then (e.g., Morais 2008). The freshwater inflow and
the transport of suspended sediment have considerably
decreased (Morais 2008; Barbosa et al. 2010; Garel and
Ferreira 2011). The structure of phytoplankton community
has experienced several shifts (Domingues et al. 2012)
which were mainly driven by environmental instability felt
during and soon after the filling of the dam (Domingues
et al. 2007, 2012; Barbosa et al. 2010). This instability also
affected the fish community, with a decline in the abun-
dances of planktivorous and omnivorous fishes and an
increase in carnivorous fishes (Chicharo et al. 2006; Morais
et al. 2009), probably linked to a marked decrease in
chlorophyll a concentration during this period (Morais
et al. 2009, Barbosa et al. 2010). An increase in salinity
levels was also recorded in the upper estuary during the
filling of the dam (Chicharo et al. 2006; Domingues et al.
2007). This environmental variability seems to be now
stabilized, and resulted in a decrease in nutrient concen-
trations and in cyanobacteria occurrence (Domingues et al.

2012). Although not yet documented, an accelerated ero-
sion rate is also expected to occur (Morales et al. 2006;
Garel and Ferreira 2011).

Bird Counts

We conducted low-tide bird counts (within £2 h from low
tide, when birds are usually actively foraging and their
between-habitat movements are minimal; our own previous
observations) in 11 mudflat sectors located in the major
intertidal areas of the Guadiana estuary (Fig. 1; total area
counted: 45 ha, which correspond to approx. 51 % of the
total mudflat area within the Nature Reserve; mean area of
each sector: 4.1 ha; min: 0.7 ha; max: 9.4 ha) and in three
different types of saltworks: traditional (30 ponds in “Cepo
Velho”; 13.31 ha), semimechanized (18 ponds in “Venta
Moinhos”; 27 ha), and fully mechanized (16 ponds located
in “Cerro do Bufo” complex; 118 ha). The total area of
saltpan counted corresponds to ca. 27 % of the saltpan area
in the Reserve. Counts were conducted during diurnal
spring low tides on seven counting sessions before the dam
closure: four during winter 2000/2001 (December and
January) and three during southward migration period in
2001 (August and September). Each counting session was
performed by two experienced observers using binoculars
and telescopes (located on specific positions), and lasted
from 1 to 3 days. The behavior of the birds (as feeding or
resting) was registered during the counts, but as more than
80 % of the birds were actively foraging and because the
main goal of this study was to compare the use of both
habitats as foraging grounds, only these records were
included in the analyses.

Winter high-tide counts have been carried out in the
Natural Reserve, since 1987 (Costa and Rufino 1994; 1997,
ICNF unpublished data). These counts are conducted
annually during the highest spring tide of January by one or
two experienced observers (with binoculars and telescopes)
that survey all the supratidal habitats within £3 h from the
time of high tide, when most birds are gathered in high-tide
roosts.

Data Analysis

In order to compare the use of both habitats as foraging
areas, we estimated the bird densities in mudflats (con-
sidering the joint values for the total area) and in different
types of saltpans. We performed repeated measures
ANOVAs using the several values obtained during the low-
tide counts carried out within each season (n = 4 in winter
and n = 3 in southward migration). Whenever appropriate,
data were log transformed in order to meet the ANOVA
assumptions. These analyses were carried out using the R
software (R Development Core Team 2010).
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The long-term trends (1987-2012) of the most common
shorebird species in Guadiana estuary were analyzed using
the software TRIM (Trends and Indices for Monitoring
Data; Pannekoek and van Strien 2001; van Strien et al.
2001), using the high-tide annual counts data. We com-
pared the population trend slopes in three different periods:
1987-1995 (pre-dam), 19962002 (dam construction), and
2003-2012 (after the closure of the floodgates), using
Wald-tests (based on the estimated variance—covariance
matrix extracted from the fitting function; a description of
the formula used can be found in Pannekoek and van Strien
2001).

Results
Comparison Between Mudflats and Saltpans

A total of 24 shorebird species were observed in the
Guadiana estuary during the 2000/2001 study period
(Table 1); the 10 most abundant are listed in Table 2
(jointly, these species represented 94 % of the total
shorebirds counted).

The overall density of feeding shorebirds during the low
tide was 5-10 times higher in mudflats than in saltpans
(Fig. 2). The major differences between the two habitats
were found in winter (significant differences between den-
sities in mudflats and in all types of saltpans; repeated
measures ANOVA, F54 = 14.55; P < 0.001), but densities
were particularly high in mudflats during Southward
migration, reaching near 80 birds ha™' in some cases (sig-
nificant differences between mudflats and saltpan densities,
and between densities in fully mechanized and traditional
saltpans; repeated measures ANOVA, F3¢ = 33.62;
P < 0.001; Fig. 2).

Six out of the ten most abundant species (the three
plovers Charadrius alexandrinus, Charadrius hiaticula and
Pluvialis squatarola, the dunlin Calidris alpina, the curlew
sandpiper Calidris ferruginea, and the redshank Tringa
totanus) occurred in higher densities in mudflats than in
saltpans, both during the winter and migration (Table 2). In
contrast, the European avocet Recurvirostra avosetta
occurred in higher abundances in saltpans than in mudflats
in both seasons. Saltpans were also more used by black-
winged stilt Himantopus himantopus, black-tailed godwit
Limosa limosa, and little stint Calidris minuta during
migration (Table 2).

Long-Term Trends in Shorebird Numbers

We found a significant difference in the slope trends before
and after 1996 for redshank, and before and after 2003 for
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Table 1 Mean abundance (£SD) of each of the 24 species recorded
in the Guadiana estuary during the 2000/2001 counting sessions

Winter

Migration

Black-tailed godwit Limosa 66.00 £ 48.67

limosa

European avocet 123.00 £ 78.24

Recurvirostra avosetta

252.75 £ 89.63
597.00 £+ 189.81
140.25 £ 18.25

Redshank Tringa totanus

Dunlin Calidris alpina

Black-winged stilt
Himantopus himantopus

Curlew sandpiper Calidris 35.25 + 28.50
ferruginea

Common ringed plover 115.00 £ 3491

Charadrius hiaticula

89.75 £ 67.61
124.00 £ 34.55

Little stint Calidris minuta

Snowy plover Charadrius
alexandrinus

Black-bellied plover 60.25 £ 15.82
Pluvialis squatarola

Spotted redshank Tringa 9.75 £+ 3.50
erythropus

Sanderling Calidris alba 6.00 £ 4.97

Common sandpiper Actitis 12.00 + 5.60
hypoleucos

Turnstone Arenaria 14.75 £ 10.69
interpres

Common greenshank Tringa 8.25 £ 3.77
nebularia

Ruff Philomachus pugnax 3.75 £ 2.87

Whimbrel Numenius 2.50 £ 1.73
phaeopus

Eurasian curlew Numenius 7.00 £ 4.90
arquata

Bar-tailed godwit Limosa 225 +£3.20
lapponica

Little ringed plover 0.00 £ 0.00
Charadrius dubius

Eurasian oystercatcher 0.00 £ 0.00
Haematopus ostralegus

Red knot Calidris canutus 0.25 + 0.50

Wood sandpiper Tringa 1.00 £ 0.00
glareola

Green sandpiper Tringa 0.25 + 0.50

ochropus

1287.00 £ 74.65

679.33 £ 14.19

663.67 & 91.56
367.33 &+ 39.25
360.67 &+ 75.98

327.67 &+ 10.50

299.33 £ 105.12

217.33 £ 25.32
216.67 £ 35.64

37.00 &+ 5.57

109.67 £ 106.04

46.33 £ 21.22
15.67 £ 7.37

8.67 = 1.53

1433 £ 2.52

13.33 £ 8.74
10.00 £ 4.36

0.67 £ 0.58

3.00 &+ 4.36

1.67 £+ 2.08

1.33 £ 2.31

0.33 £ 0.58
0.00 £ 0.00

0.00 £ 0.00

Species are ordered by their abundance

black-winged stilt (Table 3), in both cases due to a shift
from a positive to a negative trend (Fig. 3). We did not
detect any other significant change in the slope trends
among the studied periods (Table 3). A very large year-to-
year variation in the abundances recorded was observed in
almost all species (Fig. 3).
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Table 2 Shorebird densities (birds ha™'; mean + SE) recorded on mudflats and different types of saltpans in the Guadiana estuary during

winter (2000/2001) and southward migration (2001)

Period Mudflats Fully-mechan. Saltpans Semi-mechan. Saltpans Traditional Saltpans ANOVA F
Black-winged stilt Winter  0.01 £+ 0.01 0.94 £ 0.13 0.99 £ 0.61 0.03 £ 0.07 2.06™
Migr. 1.05 £ 0.38%C  1.88 £ 0.37% 3.39 + 0.328 0.13 + 0.09¢ 17.18%x
European avocet Winter ~ 0.04 & 0.04*  1.03 £ 0.35" 0.01 + 0.01* 0.00 + 0.00* 9.27#%
Migr. 0.28 £ 0.12% 541 4+ 0.08® 1.17 + 0.25€ 0.00 + 0.00* 245 2] #ks
Common ringed plover Winter  2.43 + 0.35*  0.06 + 0.04® 0.00 + 0.00® 0.00 + 0.00® (128.81%3%)
Migr. 6.03 £ 1.17% 025 + 0.198 0.01 + 0.01® 0.00 + 0.00® 25.63 %%
Snowy plover Winter  2.62 &+ 0.35%  0.06 £ 0.04" 0.00 + 0.00® 0.00 + 0.00® 169.78%#
Migr. 453 £ 045  0.11 + 0.028 0.04 + 0.04® 0.03 + 0.03® (370.39%#5)
Black-bellied plover Winter  1.03 £+ 0.14*  0.06 + 0.01® 0.25 & 0.04" 0.04 & 0.04" 53.70%%*
Migr. 0.75 £ 0.11*  0.03 + 0.02°8 0.00 + 0.00® 0.00 + 0.00® 40,727
Little stint Winter ~ 1.15 & 040"  0.28 & 0.16*P 0.20 + 0.17°B 0.00 + 0.00® 5.37%
Migr. 0.11 £ 0.01*  1.60 + 0.12° 0.83 + 0.22€ 0.10 + 0.10* 2372
Curlew sandpiper Winter ~ 0.41 &+ 0.13*  0.12 & 0.09*P 0.11 + 0.07B 0.00 + 0.00® 4.17%
Migr. 3.82 £ 022% 133 +0.13B 0.00 + 0.00€ 0.05 + 0.05€ 139.80%#
Dunlin Winter  10.96 + 2.10*  0.48 + 0.12° 1.92 + 1.758 0.02 £+ 0.028 (14.18%%%)
Migr. 6.23 +0.48"  0.73 + 0.30° 0.04 & 0.02° 0.15 + 0.15® 78,807
Black-tailed godwit Winter ~ 0.11 £ 0.02 0.25 + 0.14 120 + 1.14 0.00 £ 0.00 (0.80™)
Migr. 3.77 £ 0.76"  9.17 + 0.69° 1.51 & 0474 0.00 & 0.00¢ 17.18%%*
Redshank Winter ~ 3.79 4 0.83*  0.54 + 0.14" 0.40 + 0.15® 0.73 + 0.36® 10.98%
Migr. 6.78 + 0.78%  2.94 4 0.40° 0.52 + 0.47° 0.05 + 0.05® 42,19

Letters represent the results of pos-hoc tests (same letter represents non-significant differences). Statistics results between brackets denote models

based in log-transformed data. df = 3,9 (winter comparisons) and df = 3,6 (migration comparisons)

P < 0.001; **P < 0.01; *P < 0.05; n.s. P > 0.05
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Fig. 2 Density of shorebirds (number of birds ha™'; mean + SE) in
each type of saltpans (7 traditional saltpans, SM semimechanized
saltpans, FM fully-mechanized saltpans) and in mudflats (Mud)
during the 2000/2001 winter and southward migration periods, in
Guadiana estuary. Symbols represent the results of repeated ANOVA
tests (¥**P < 0.001), and letters represent the results of pos-hoc tests
(same letter represents non-significant differences)

Discussion

The overall density of shorebirds was much higher in the
mudflats than in the saltpans of Guadiana estuary,

particularly during the winter. In fact, the densities found in
mudflats are very high (reaching 100 birds ha~' in some
cases) when compared with majority of other European
estuarine areas, and only comparable with those found in
Cadiz sediment flats (Masero et al. 2000). Such high den-
sities are probably related with the low availability of
sediment flats in the Guadiana estuary and also with the
presence of suitable high-tide roosts—the saltpans—nearby
(Masero et al. 2000; Dias et al. 2006). The high densities
found were mainly determined by the highest use of this
habitat by some of the most abundant shorebird species,
such as the dunlin and the redshank; other small sized
species such as the plovers, also had highest use of mud-
flats at low tide. In contrast, larger species (black-winged
stilt, European avocet, and black-tailed godwit) mainly fed
in saltpans during the low tide, even before the dam
building (when the counts in both habitats were carried
out). The little stint was the only small sized species that
was found in higher densities in the saltpans during the
migration, as also recorded in other estuaries (Velasquez
1992; Masero et al. 2000).

The European avocet and the black-tailed godwit are
typically associated with intertidal flats in other estuaries
(e.g., Granadeiro et al. 2007). Nevertheless, their use of
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man-made saltpans in detriment of the natural habitat had
already been recorded in this estuary during previous
studies (Dias 1999, 2009), and it is probably related with

Table 3 Average abundances (mean + SE) of shorebird species in
Guadiana estuary in the periods 1987-1994 (before Alqueva dam
closure), 1995-2002 (during the construction of Alqueva dam), and
2003-2012 (after Aqueva dam closure)

Mean abundance Wald test
dr=1
1987-1995 1996-2002 2003-2012 1996 2003
Black- 111 +£32 317+46 193 +44 2.85" 4.69%
winged
stilt
European 290 + 73 385+ 126 472 £ 124 1.30™ 1.90™
avocet
Common 54 £ 12 60 £36 120+ 66 0.10™ 0.92™
ringed
plover
Snowy 116 £51 185 +103 65+ 16 0.16™ 0.00"
plover
Black- 40 + 8 84 £ 16 94 +27 0.00™ 0.46™
bellied
plover
Little stint 70 £+ 30 81 £+ 26 37 +£8 0.36™ 0.03™
Dunlin 455+ 81 891 £ 258 642 £+ 150 2.23"™ 1.77™
Black- 704 £ 120 560 + 134 853 £86  0.08™ 0.22™
tailed
godwit
Redshank 118 £ 12 215+ 66 184 £31  3.86* 3.12"

The results of the TRIM analyses to detect changes in the population
trends between these periods (Wald tests to compare slopes before
and after change points 1995 and 2002) are also shown (*P < 0.05;
n.s. P > 0.05)

the low availability of mudflats and with their confined
characteristics. This narrow configuration can decrease the
bird safety perception of the area (Dias 2009) for which the
largest species are particularly vulnerable (Blumstein et al.
2005; Dias et al. 2008). On the other hand, by feeding on
saltpans, birds avoid to move between feeding and resting
areas, given that saltpans are not submerged when the tide
rises (Yasué and Dearden 2009); once again, the largest
species are the ones for whose commuting between areas
would represent a higher proportion of the daily energy
expenditure (Bennett and Harvey 1987). Another factor
that is known to influence the distribution of the shorebirds
is prey abundance (e.g., Yates et al. 1993). Saltpans typi-
cally hold a community dominated by few, super abundant
prey species (Rufino et al. 1984; Pedro and Ramos 2009),
whose densities have usually a nonlinear relationship with
salinity (Warnock et al. 2002), but that in optimal condi-
tions are probably above the threshold limit at which intake
rates are expected to decline (following the Holling type II
functional response model typical of the shorebird species,
Goss-Custard et al. 2006).

By providing alternative and complementary foraging
habitats for shorebirds, saltpans (particularly the mecha-
nized and semimechanized ones) have the potential to
minimize the impact of mudflats degradation on some
species. Nevertheless, it is important to note that the
available foraging area within the saltpans can vary several
folds, depending on the environmental conditions found in
the pans that can limit their carrying capacity, both through
the availability and the accessibility to prey (Dias et al.
2009). This emphasizes the importance of a correct man-
agement of the conditions in Guadiana saltpans in order to

Fig. 3 Variation in the 1600 o 600 HS)
abundance of the most abundant 1400 | _e BT G g o ° : :
shorebird species (number of o D :|_0 wit ° 500 7 - RPIover : *
birds) in Guadiana estuary 1200 unin B o SPlover
Avocet 400 :

during the winter (1987-2012). 1000 0oie ..o-.if® °
Solid and gray dashed lines 800 | L a 300 —
represent loess regressions °
(smoother functions based on 600 N 200
local linear polynomial fits, 400 — 0 N ° 100 -
carried out using the loess © 200 - 02 ) °
function in R; Cleveland et al. Q T — T T 0
1992; only showed to help the 3
visualization of the overall 5 S : o :
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maintain their importance as feeding habitats for shore-
birds, what can be achieved through (1) the manipulation
of the water levels, salinity, and whenever possible, the
area of the ponds (Martin and Randall 1987; Velasquez
1992; Warnock et al. 2002; Dias 2009) and (2) the main-
tenance of low levels of human disturbance (West et al.
2002; Dias et al. 2008). The larger species would probably
be the ones that would benefit more from these measures,
but smaller species which are particularly vulnerable to the
modification of the mudflats, can also respond well to water
level manipulation in the ponds, both during the winter and
migration (Velasquez 1992). The control of salinity levels
can also maximize the biomass of available prey (Warnock
et al. 2002) and minimize the high energetic cost of coping
with salt stress (Masero 2002; Gutiérrez et al. 2011). It is
also important to highlight that besides their importance as
alternative habitats during low tide, saltpans can also rep-
resent important supplementary habitats during high tide
(Masero et al. 2000), a fact that enhances the importance of
their correct management for shorebirds.

The analysis of the long-term counts that have been
conducted in the Guadiana estuary, since the late 80s has
revealed a significant change in the slope trends of the
population of black-winged stilts before and after 2003
(1 year after the closure of Alqueva floodgates), and of
redshanks before and after 1996 (beginning of the dam
construction). Although we did not have evidence of any
change in the abundance of black-winged stilts wintering
or passing through Portugal (neither ours nor other studies
have addressed this issue), the redshank population seems
to be decreasing also in other Portuguese wetlands, such as
the Tagus estuary and in Ria de Aveiro, as shown by other
studies (Catry et al. 2011). It is important to note, however,
the large amount of interannual variation in the estimates
for all the studied species, which could have weakened the
detection of other trends. Such amount of variability in
estimates based on count data is relatively common in
long-term monitoring programs of shorebird populations
(e.g., Atkinson et al. 2006; Catry et al. 2011), and can result
from a combination of methodological error and natural
population variability (Atkinson et al. 2006). Most of these
species are long-distance migrants, whose abundance is
highly variable due to the range of environmental condi-
tions found in several different areas, some located thou-
sands of kilometers apart (e.g., Delany et al. 2009). This
can also pose problems in identifying the real triggers of a
decline, given that any observed reduction in local numbers
can be associated to causes as diverse as a global popula-
tion decline, a shift in the winter distribution due to
external causes (as for example the improvement of the
conditions elsewhere), or a decrease in local habitat quality
(Catry et al. 2011). Nevertheless, the redshank is a species
particularly vulnerable to winter habitat loss (Burton et al.

2006) so we cannot discard the possibility of a link
between the observed decline (Fig. 3) and a change in the
estuarine conditions as a consequence of the Alqueva dam,
and potentially of the cumulative effect provided by many
other dams located upstream in the Guadiana (Barbosa
et al. 2010). The freshwater inflow, for example, has
decreased considerably as consequence of the Alqueva
dam (Morais 2008) and so did the nutrient input, which is
currently limiting the primary productivity (Domingues
et al. 2012) and likely (although not yet documented) the
abundance of shorebird prey.

Some of the species more typically associated with
mudflats such as the common ringed and black-bellied
plovers (Velasquez and Hockey 1992; Dias 2009; this
study), and so particularly vulnerable to a degradation
(either through a reduction in area or a change in granu-
lometric composition) of intertidal flat areas due to sedi-
ment retention in the Alqueva dam, seem not to be
experiencing any decline so far (Fig. 3). The populations of
both species are declining worldwide (Delany et al. 2009),
so the pattern in Guadiana estuary suggests that no major
decrease in mudflat quality to shorebirds has been experi-
enced so far, at least for these species (in Southern Euro-
pean estuaries, smaller plovers such as ring and snowy
plovers can be associated to sandier sediment flats; e.g.,
Granadeiro et al. 2007). Nonetheless, given the high vul-
nerability and overall declining trend of shorebird species
(Delany et al. 2009; Sutherland et al. 2012), and consid-
ering the potential temporal delay between the building of
the dam construction and its impacts in estuarine mudflats
(Garel et al. 2009), it is strongly recommended a mainte-
nance of the monitoring program and the implementation
of conservation measures in this estuary.

Conclusions

Saltpans, particularly the fully mechanized ones, can con-
stitute an important alternative habitat for some species,
both during winter and southward migration. Nevertheless,
the potential role of saltpans in minimizing the predictable
effects of the construction of the Alqueva dam should be
enhanced through their correct preservation and manage-
ment as key habitats for shorebirds, particularly for the
smaller species, which can be particularly affected by a
change in the estuarine sedimentary regime.

Although our study has not shown a loss of shorebird
habitat (or habitat quality) as a direct consequence of the
dam building, we should highlight that the impact of the
Alqueva dam can assume a greater (cumulative) signifi-
cance for these species in the future, especially if associ-
ated with other predictable causes of loss of sediment flats,
such those resulting from climate changes or habitat
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reclamation (Galbraith et al. 2002; Durell et al. 2006; West
and Caldow 2006; Kilsby et al. 2007).
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