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UPDATING WATERBIRD POPULATION ESTIMATES WITHIN
THE EAST ATLANTIC FLYWAY: STATUS AND TRENDS OF
MIGRATORY WATERBIRDS IN SANTOÑA MARSHES
Juan G. NAVEDO *, ** 1, José A. MASERO** and José A. JUANES*

SUMMARY.—Updating waterbird population estimates within the East Atlantic Flyway: status and
trends of migratory waterbirds in Santoña Marshes.
Aims: Population numbers and trends of overwintering waterbirds were updated for Santoña Marshes Nature Reserve (N Iberian Peninsula).
Methods: Census data of December and January, carried out between 2001/2002 and 2005/2006, were
analysed to obtain overwintering population numbers, and thus update the status of Santoña Marshes for
migratory waterbirds. To examine trends, these data were compared with the ones obtained in the same
months between 1997/1998 and 2000/2001. The potential influence of temperature in the abundance of
waterbirds was also analysed.
Results and Conclusions: Santoña Marshes supported an average of 19,848 overwintering waterbirds
during the analysed period. The total number showed a positive rate of population change between the two
analysed periods, this being 46 %. The temperature registered in Santoña was correlated with the abundance of some species, but not with the total number of waterbirds. This coastal wetland represents an
Area of National Importance during winter for 18 waterbird species. It is also an Area of International Importance for the Icelandic population of black-tailed godwit Limosa limosa islandica. There were significant trends for ten species at Santoña Marshes, eight increasing and two decreasing. The increasing trends
in the populations of the species under study, along with the improvement in the ecological conditions of
the feeding habitat, could explain, in general terms, the population increases of waterbirds registered in
Santoña Marshes in the last nine years.
Key words: Black-tailed godwit, East Atlantic Flyway, Santoña Marshes, shorebirds, population
numbers, trends, waterbirds.
RESUMEN.—Actualización de las estimas poblacionales de las aves acuáticas migradoras en la Vía
de Vuelo del Atlántico Oriental: estatus y tendencias en las Marismas de Santoña.
Objetivos: Actualizar los tamaños y las tendencias poblacionales de las aves acuáticas invernantes en
la Reserva Natural de las Marismas de Santoña y Noja.
Métodos: Para obtener los tamaños poblacionales durante la invernada, se analizan censos de diciembre y enero, realizados entre 2001/2002 y 2005/2006 y, en base a ellos, se actualiza el estatus de las
Marismas de Santoña para las aves acuáticas migradoras. Para examinar la existencia de posibles tendencias, se comparan con censos de los mismos meses realizados entre 1997/1998 y 2000/2001. También
se analiza la potencial influencia de la temperatura en las abundancias registradas.
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Resultados y Conclusiones: Se registró una media de 19,848 aves acuáticas invernantes en las marismas de Santoña. El número total de aves mostró una tasa de cambio poblacional positiva del 46 % entre los dos períodos analizados. La temperatura máxima en la zona estuvo correlacionada con la abundancia de varias especies, aunque no con el total de aves acuáticas. Para 18 especies representa un Área de
Importancia Nacional durante la invernada. Para el conjunto de aves acuáticas, y para la población islandica de aguja colinegra L.l.islandica, alcanza el estatus de Área de Importancia Internacional. Se observaron tendencias significativas para diez especies, ocho aumentaron y dos disminuyeron en las Marismas
de Santoña. Las tendencias al aumento de las poblaciones de las especies estudiadas, junto con la mejora de las condiciones ecológicas del hábitat de alimentación, podrían explicar, a escala general, los aumentos poblacionales de aves acuáticas registrados en los últimos nueve años en el área de estudio.
Palabras clave: Aguja colinegra, aves acuáticas, marismas de Santoña, tamaños poblacionales, limícolas, tendencias, vía de vuelo del Atlántico Oriental.

INTRODUCTION
The most recent reviews of population status of migratory waterbirds confirm that many
of them are in decline. Within the principal flyway through the Iberian Peninsula (van de
Kam et al., 2004), the East Atlantic Flyway
(henceforth EAF), of shorebird populations
whose trends are known, 37 % are in decline (International Wader Study Group, 2003). In this
context, there are many factors that might be impacting negatively on these populations of birds,
although the loss and/or alteration of natural wetlands are probably the main causes (Morrison et
al., 2001). Moreover, some possible scenarios
of the incidence of climatic change on the different populations of waterbirds predict continuous declines until the end of the twenty-first
century (Rehfisch et al., 2004). For migrating
populations wintering in temperate zones, for
example, changes in climate and the rise in sea
level will probably have a great impact, both in
the breeding zones in the Arctic tundra and in the
wintering zones (Watkinson et al., 2004).
In this setting it is very important to update
the knowledge that is available about the size
of populations and trends of each species, as
well as to establish the methodologies used
for obtaining the estimates, in all the wetlands
they use along each flyway (Brouwer et al.,
2003). Once these two essential parameters are
known, the importance of each area for the disArdeola 54(2), 2007, 237-249

tinct populations/species can be determined
and, based on the trends observed, research and
conservation policies can be prioritized in each
site (Brouwer et al., 2003). The availability of
this information is also essential for putting into
practice and updating the distinct international agreements (Ramsar, Biological Diversity,
Migratory Species, African-Eurasian Migratory Waterbird Agreement), as well as the following national laws, for the conservation of migratory birds at a suitable scale (Boere and
Taylor, 2004). Specifically, it is urgent to obtain available reliable estimates of these parameters for the application of criterion 6 of the
Ramsar Convention, which states that “The internationally important wetlands are those that
support regularly at least 1 % of a specific population of a waterbird species”. “Support regularly” is defined as the average of the last five
years (Musgrove et al., 2001).
The Santoña and Noja Marshes Nature
Reserve (henceforth SNMNR; N Iberian Peninsula) is currently classified as a wetland of importance to the wintering populations of ducks
(Anatidae) and, specifically, for the Eurasian
spoonbill Platalea leucorodia during the spring
migration. Moreover, it is a wetland of national importance for the wintering of waterfowl,
a key area for the wigeon Anas penelope overwintering in Spain, and the most important national site for the Eurasian curlew Numenius
arquata (Martí and Del Moral, 2003). Howev-
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er, its importance is based on an analysis of the
results of a single census carried out in January during the period from 1980 - 2001, and
this does not consider all the area available for
migrating waterbirds in the SNMNR. In this
sense, other studies show that in order to establish population sizes, several censuses should
be taken into account during the same winter
period (Underhill and Prys-Jones, 1994), using the average of the monthly maxima registered as the abundance of waterbirds in this period (Rehfisch et al., 2003).
For shorebirds, information is available about
their wintering for the period 1978 - 1985, compiled by Velasco and Alberto (1993) and revised by Domínguez (1997). This information
was in turn revised by Barbosa (1997), who
evaluated the national and international importance of the SNMNR and other Spanish wetlands. The initial information on which all these
studies was based shows great differences in
terms of methodology, periodicity and census
strength in each locality, so the specific evaluations, particularly about the population
trends, should be treated with the necessary
precautions (Brouwer et al., 2003).
Furthermore, during hard winters the abundance of waterbirds in the northernmost wetlands, such as the Wadden Sea or the English
estuaries, is less than during mild winters, given that lower temperatures mean that food resources are less available and, thus, several
species of birds have to fly further south (Camphuysen et al., 1996; Hulscher et al., 1996).
Therefore, the temperature registered during
these months in those areas might also have an
effect in the SNMNR on the abundance of waterbirds, or on a specific species. In the same
way, the accessibility of intertidal prey items
during winter is correlated with the temperature, more prey being available with higher
temperatures (Zwarts and Wanink, 1993),
which could thus reduce shorebird overwintering mortality (Camphuysen et al., 1996).
In this context, this paper updates (i) population sizes, (ii) status of the distinct species re-

lated to the world population (Delany and Scott,
2002), and (iii) trends in the SNMNR during the
wintering, monitoring the possible effect of temperature, with special attention to waders given
the generalised decline in their populations (International Wader Study Group, 2003).

MATERIAL AND METHODS
Study area
This study takes into account the surface occupied by the wetlands of the SNMNR
(43º30 ´N, 3º30´ W; Fig. 1), made up of Joyel
Marshes (66 ha.), Victoria Lagoon (61 ha.), the
Asón and Clarín river mouths (88 ha.), and
mainly, the estuary of the Asón river (1,089
ha.), a total area of 1,300 ha.

Population sizes and status
During five consecutive annual cycles a
monthly census was carried out at low tide. To
do this the SNMNR was divided into four sectors, using the periods for the counts from two
hours before until two hours after the low tide.
For the most numerous species of ducks, specific censuses were carried out during the high
tide immediately after the low tide census. In
all cases, the censuses were carried out by the
same people, using binoculars (10 x 42) and
telescopes (20 x 60 x), during periods of monthly spring tides. To evaluate the population size
of the different species, the censuses of December and January of 2001/2002 - 2005/2006
have been analysed. The average values found
have been compared, on the one hand, with
the specific population estimated to be wintering in Spain (Martí and Del Moral, 2003)
and, on the other hand, with the values estimated of the different populations/subspecies/species in the last revision carried out
at worldwide level (Delany and Scott,
2002). To update the status of the SNMNR for
Ardeola 54(2), 2007, 237-249
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FIG. 1.—Map of the SNMNR, indicating the location of the distinct wetland zones.
[Mapa de Reserva Natural de las Marismas de Santoña y Noja mostrando las distintos humedales]

the different species, on the international and
national scale, the following criteria have been
followed, respectively, that of Rose and Scott
(1997; regularly support 1 % of the individuals of a subspecies or species of waterbird),
and that of Viada (1998; 1 % of the individuals of a species present in Spain).

Population trends
To examine population trends of the distinct species studied, as well as the total number of waterbirds in the study area, the valArdeola 54(2), 2007, 237-249

ues obtained were compared with the abundances registered, in December and January,
during the four previous winters 1997/1998
- 2000/2001 (SEO/BirdLife unpub. data).
These censuses, performed from December
1997 to January 2000, were carried out at
high tide, using the period from one and a
half hours before to one and a half hours after the high tide. In this way, the values registered during the winters of the period
2001/2002 - 2005/2006 (PopFIN) have
been compared with those of the period
1997/1998 - 2000/2001 (Pop0), obtaining
in this way the rate of Population Change
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FIG. 2.—Monthly evolution of the number of waterbirds in the SNMNR (means ± SD) during the period
February 2001 - January 2006.
[Evolución mensual del número de aves acuáticas en la Reserva Natural de las Marismas de Santoña y
Noja (media ± DT) durante el periodo febrero 2001 – enero 2006.]

[(PopFIN * 100) / Pop0) - 100] between the
two periods (Rehfisch et al., 2003).

Statistical analysis
To evaluate whether differences were significant, a covariance analysis was carried out
(ANCOVA) through a General Linear Model
(GLM), using the Period of evaluation (Pop0 /
PopFIN) as a fixed factor. Air temperature was
included in SNMNR (monthly average of the
maximum daytime temperatures) and in The
Wash and Wadden Sea (monthly average of the
mean daytime temperatures) as co-variables
only if they were related significantly with the
dependent variable, or if they improved the
model. Both, The Wash and Wadden Sea, are
two of the most important wetlands for waterbirds overwintering north of SNMNR (van
de Kam et al., 2004), so their temperatures
could predict waterbird numbers in Santoña.
Temperature variables were not significantly
correlated within them (TªSNMNR - TªWaddenSea: r = 0.26, P = 0.30; TªSNMNR - TªTheWash: r = 0.13, P = 0.60; TªWaddenSea TªTheWash: r = 0.41, P = 0.09). Other potential co-variables were discarded as they did not
improve the model, or because they did not cor-

relate significantly with the dependent variable. It was not necessary to transform the data,
given that they fulfilled the assumptions of normality and homogeneity of the variance. The
values are presented as means ± standard deviation. The environmental variables used for
SNMNR were provided by the Cantabria and
Asturias Territorial Centre, extracted from the
official database of the National Meteorological Institute (Ministry for the Environment).
The air temperatures for The Wash (54º 28´ N
- 01º87´ E) and Wadden Sea (52º38´ N - 05º62
E) areas were extracted from NCEP Reanalysis Derived data (Kalnay et al., 1996) provided by the NOAA/OAR/ESRL PSD, Boulder,
Colorado, USA (http://www.cdc.noaa.gov).

RESULTS
During the monthly censuses carried out
in the period February 2001 - January 2006
(n = 60), a total of 74 species of waterbirds belonging to 15 families were registered in the
study area. If the accidental observations of
species are included, the number registered in
this period rises to 111. The average monthly
population varies from 1,456 birds in May to
20,490 in January (Fig. 2).
Ardeola 54(2), 2007, 237-249
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TABLE 1
Overwintering population size (means ± SD), and international and national importance of the SNMNR
for the most representative species (February 2001 – January 2006).
[Tamaño población invernal (media ± DT) e importancia internacional y nacional de la Reserva Natural de las Marismas de Santoña y Noja para las especies más representativas (febrero 2001 – enero 2006).]

a

Delany and Scott (2002); b Martí and Del Moral (2003); (*) Estimated population according to Martí
and Del Moral (2003).

Population sizes and status
During the winter (December and January),
the SNMNR supported an average of 19,848 ±
2,969 waterbirds, about 1.3 % of the total
present in Spanish wetlands. The most abundant
species were, in order of numerical importance,
the dunlin Calidris alpina and the wigeon, contributing among these two species 48 % of the
total numbers registered. In the national context, the SNMNR holded 75 % of the populaArdeola 54(2), 2007, 237-249

tion wintering in Spain of the Icelandic population of black-tailed godwit Limosa l. islandica; 65 % of the horned grebe Podiceps auritus; 39 % of the Islandic sub species of the knot
Calidris c. islandica; and more than 10 % of another four species, Eurasian curlew, Whimbrel
Numenius phaeopus, dunlin and bar-tailed godwit Limosa lapponica. At the same time, bearing in mind its international importance, the wetlands provided wintering refuge for an average
of 1.4 % of the worldwide population of black-
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TABLE 2
Rates of population change of over-wintering waterbirds registered in the SNMNR between the periods
1997/1998 – 2000/2001 and 2001/2002 – 2005/2006.
[Tasas de cambio poblacional invernal de las aves acuáticas registradas en la Reserva Natural de las Marismas de Santoña y Noja entre los periodos 1997/1998 – 2000/2001 y 2001/2002 – 2005/2006.]

tailed godwit subsp. islandica. It should also be
remarked that an average of 0.8 % of the NW
European population of gadwall Anas strepera
wintered in the study zone (Table 1).

Population trends
The total number of waterbirds showed a
positive rate of population change between the
two analysed periods, this being 46%. Of the

19 species analysed, 14 displayed a positive
rate of change, and horned grebe, bar-tailed
godwit, redshank Tringa totanus, wigeon and
gadwall should be highlighted as they nearly
doubled their wintering populations (rate
greater than 95 %). On the other hand, five
species underwent a negative change, whimbrel, grey plover Pluvialis squatarola, grey
heron Ardea cinerea, oystercatcher Haematopus ostralegus and greenshank Tringa nebularia (Table 2).
Ardeola 54(2), 2007, 237-249
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TABLE 3
General Linear Model (GLM) evaluating the existence of significant differences between the periods
(1997/1998 – 2000/2001 and 2001/2002 – 2005/2006), and the effect of temperature in Santoña, Wadden Sea and The Wash on the populations of the most representative species over-wintering in the SNMNR. Trends: INC = Increasing; STA = Stable; DEC = Decreasing; (*) Discussed exception.
[Análisis (GLM) evaluando la existencia de diferencias significativa entre los periodos (1997/1998 –
2000/2001 y 2001/2002 – 2005/2006), y el efecto de la temperatura en Santoña, Wadden Sea y The Wash
sobre las poblaciones de las especies invernantes en la Reserva Natural de las Marismas de Santoña y
Noja. Tendencias: INC = Aumenta; STA = Estable; DEC = Decrece; (*) Excepción discutida.]

Ardeola 54(2), 2007, 237-249
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TABLE 3 (CONT).

Within the model, the differences registered
were significant for the total number of waterbirds, for eight of the species that increased,
and for only one species that decreased (Table
3). Neither the temperature in SNMNR nor in
The Wadden Sea were significantly correlated with the total number of birds overwintering in the area, and they did not improve the
model. However, although not significantly
correlated, the temperature registered in The
Wash improved the model for total number of
birds. Moreover, the temperature in the area
had a specific level of significant correlation,
inversely with the abundances of gadwall,
black-tailed godwit L. l. islandica and Eurasian
spoonbill and directly with the abundance of
dunlin and knot subsp. islandica. Finally, it was
also used as a co-variable for another five
analysed species, as well as temperature in The
Wash and Wadden Sea area for five and one
species respectively, since they improved the
models developed (Table 3).

DISCUSSION
Until now the SNMNR has been classified
as a Ramsar wetland only for its relevance for
the Eurasian spoonbill during migrations of
spring (Poorter, 1990) and autumn (Navedo
and González, 2002; Navedo, 2005). Howev-

er, this study shows that during the wintering
it is an Area of International Importance as it
regularly supports more than 20,000 waterbirds
during January. Moreover, it is also an Area of
International Importance for the wintering of
the black-tailed godwit L. l. islandica, as it surpasses 1 % of the population of the subspecies
(Rose and Scott, 1997); besides, although it
does not reach the established criterion, it shelters 0.8 % of the NW European population of
the Gadwall. The wetland also represents an
Area of National Importance (> 1 % wintering
population in Spain) during this season for 18
species of waterbirds. Nonetheless, considering the high probability that the average populations of wintering birds in Spain had been
undervalued (Martí and Del Moral, 2003), the
relative importance of Santoña could be slightly less. Furthermore, it holds most of the Icelandic population of black-tailed godwit,
horned grebe and knot subsp. islandica, wintering in Spain. These results classified the SNMNR as the most Important Wetland in the
Cantabric region for overwintering waterbirds.
In the past, other authors have very probably undervalued the waterbird populations in
the Spanish wetlands (Barbosa, 1997; Viada,
1998; Martí and Del Moral, 2003). In this sense,
the estimates provided in these studies lack an
exhaustive methodological description that
could be used to weigh up the average values
Ardeola 54(2), 2007, 237-249
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obtained each year for the distinct species taken into account (Brouwer et al., 2003), and for
the set of waterbirds in general. For example,
until 2000 the birds present in the southern zone
of the estuary (Asón and Clarín rivermouths:
7 % of the total surface; see Fig. 1) were not
considered in any of the censuses. Specifically, the last revision presenting average values
throughout ten years (1991 – 2001; Martí and
Del Moral, 2003), makes important assumptions in evaluating the importance of each wetland for waterbirds generally and specifically.
However, as its authors mentioned, it suffers
from great methodological divergence, both
among years and among wetlands, so the comparative results might be incorporating some
important errors (Brouwer et al., 2003). As an
example, they estimated an average of 10,009
waterbirds wintering in Santoña during the
mentioned period, comparing amateur censuses with censuses carried out by professionals,
some at high tide and some at low tide.
Throughout the study period, population
trends of most of the species are stable or increasing during the wintering, the same as
the total number of waterbirds that also has an
increasing trend, and a priori only the grey
heron shows a significant decrease. Overall,
these trends cannot be attributed to changes in
meteorological conditions, or to changes in the
wetland management, since there has been
no relevant change in this sense during the study
period. Within the model, the temperature registered in the northernmost overwintering areas, such as The Wash or the Wadden Sea, had
only a secondary effect (always negative) in
the abundance of waterbirds in the study area
(Table 3). Hence, we discard that observed significant trends for waterbird species in SNMNR were related to escapes en masse from their
main overwintering areas in the EAF during
harsh winters.
On the other hand, the effect of temperature
in the area was directly correlated with the
abundance of calidrid species (Table 3), suggesting that mortality for these species could
Ardeola 54(2), 2007, 237-249

be reduced driven by higher availability of their
benthic resources at low tide during the winter
(Zwarts and Wanink, 1993; Yasué et al., 2003)
and/or a reduction in thermoregulation cost
(Kersten and Piersma, 1987). Moreover, it was
inversely correlated with the abundance of three
species, gadwall, spoonbill and black-tailed
godwit. Since all of them forage in other areas
than intertidal ones (lagoons and / or pastures)
at regional scale (J. G. Navedo, pers.obs.), it is
suggested that when temperature falls SNMNR may receive birds of these species wintering in another nearby areas, such as small
lagoons and little estuaries, at this scale. More
detailed studies must be done using marked
birds to assure definitively this question.
Nevertheless, for this analysis data obtained
has been compared with different census
methodologies (see Methods), which could partially explain the variance observed in the model. However, for the most numerous waterfowl
species, wigeon and gadwall, the same census
method was used in both periods with a very
high rate of population change (96.2 and 93.7
%, respectively), and a significantly increasing population trend. In this way, although
the censuses during the first period could be
generally undervalued, given that (i) the effort
and total surface studied was less, (ii) during
high tide it is more difficult to be accurate in
the counts of species that are resting in very
dense, compact groups (Smit and Piersma,
1989), and (iii) besides, there are more possibilities of missing sparse groups that rest in
zones that are not taken into account (Smit and
Piersma, 1989), the observed trends can be considered to be generally representative. As an
exception, while maintaining the necessary
prudence when estimating population trends
of species with a generally unfavourable conservation status, the negative tendencies should
be considered as decreasing, because, as has
been mentioned, during the first period analysed
the numbers could have been greater. In this
way, the decreasing tendency of the grey plover
(Table 3) should also be considered significant.
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Another factor that may have impacted on
the observed trends in the SNMNR is the trend
of each species to population level. In this sense,
although 48 % of populations of waterbirds
with known trends are decreasing (Delany and
Scott, 2002), of the 19 species analysed in this
paper, ten show an increasing population trend
worldwide, and only one of them is in decline
(Delany and Scott, 2002). Thus, the specific
tendencies registered could be much influenced
by the general increase in the populations under study. However, the significant increase of
the redshank in Santoña should be highlighted, since this species is generally in decline
in its worldwide population levels (International Wader Study Group, 2003).
More significantly in this period the variation of two important environmental factors
has been registered in the area. Firstly, the coverage and density of seagrass beds of Zostera
spp. has increased significantly in various estuaries in the region during the period of study,
as well as in other areas such as the Mondego
estuary in Portugal (Dolbeth et al., 2007),
and also in the SNMNR (Ondiviela et al.,
2005). Given its relevant ecological role in the
trophic nets of the estuaries (Orth, 1992), and
in particular because its high macrofauna production (Heck et al., 1995), this evolution could
have led to an improvement in the ecological
conditions of the habitat for most waterbirds.
In this sense, species that feed directly on
Zostera spp., like the wigeon (Mathers and
Montgomery, 1996) and, to a lesser extent, the
gadwall, as well as those that feed selectively
in the seagrass beds, such as Icelandic population of black-tailed godwit (Jacobs et al.,
1981), have shown a great increase in their overwintering populations in the area. In the same
way, the only two species showing significant
decreases, the grey heron and the grey plover,
detect their prey visually (Cramp and Simmons,
1983; 1985); given that coverage of Zostera spp.
reduces visual detection of prey for these birds,
it could also reduces their potential feeding area
(Goss-Custard and Mosser, 1988).
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Secondly, a significant decrease has taken
place in the number of shellfish harvesting in
the SNMNR during the wintering period (Navedo, 2006). Fewer people during the low tide period directly causes an increase in the potential feeding surface for waterbirds, which could
diminish all density dependent processes (review in Goss-Custard et al., 2000). Indirectly,
the potential negative effects of human disturbances (review in Davidson and Rothwell,
1993) could be reduced, as well as the probabilities of reaching the “critical threshold of
disturbance” (Goss-Custard et al., 2006), particularly for shorebirds. Therefore the increasing trends in the populations of the species under study (apart from the exceptions discussed),
along with the apparent improvement in the
ecological conditions of the feeding habitat for
the birds, driven by the expansion of Zostera
spp. and the reduction in the number of shellfish harvesting, could explain, in general terms,
the population increases of waterbirds registered in the SNMNR in the last nine years.

ACKNOWLEDGEMENTS.—We thank SEO/BirdLife
and Santoña and Noja Marshes Nature Reserve for
permitting the analysis of the information compiled
in the censuses of waterbirds during this period. Also
to Juan José Aja, Manuel Bahíllo, Felipe González,
Ángel Herrero, Ana I. García, Manuel A. Alcántara,
Ramón Balbás, Fernando Arce, Máximo Sánchez,
María Díaz “Uca”, and to all those who collaborated during this period, especially to Alejandro García Herrera, for his essential support during the
last years of censuses, and to Maitane Olabarrieta
for her final help with the analysis of the temperature data in The Wash and Wadden Sea areas.

BIBLIOGRAPHY
BARBOSA, A. 1997. Áreas de importancia internacional y nacional para las aves limícolas en España. En: Las aves limícolas en España. Colección
Técnica. Madrid: O. A. Parques Nacionales-Ministerio de Medio Ambiente.
Ardeola 54(2), 2007, 237-249

248

NAVEDO, J. G., MASERO, J. A. and JUANES, J. A.

BOERE, G. C. and TAYLOR, D. 2004. Global and regional governmental policy and treaties as tools
towards the mitigation of the effect of climate
change on waterbirds. Ibis, 146: 111-119.
BROUWER, J., BAER, N. E. and TROLLIET, B. 2003.
Estimating bird population sizes and trends: what
are the hard data, what are the unavoidable assumptions? A plea for good documentation. Wader Study Group Bulletin, 100: 197-201.
CAMPHUYSEN, C. J., ENS, B. J., HEG, D., HULSCHER,
J. B., VAN DER MEER, J. and SMIT, C. J. 1996. Oystercatcher Haematopus ostralegus winter mortality in The Netherlands: the effect of severe
weather and food supply. Ardea, 84: 469-492.
CRAMP, S. and SIMMONS, K. E. L. 1983. The Birds
of the Western Palearctic. Vol. III. Oxford University Press. London.
CRAMP, S. and SIMMONS, K. E. L. 1985. The Birds
of the Western Palearctic. Vol. IV. Oxford University Press. London.
DAVIDSON, N. and ROTHWELL, P. 1993. Disturbance
to waterfowl on estuaries. Wader Study Group
Bulletin, 68 Special Issue.
DELANY, S. and SCOTT, D. A. 2002. Waterbird Population Estimates 3rd edition. Wageningen: Wetlands International.
DOLBETH, M., CARDOSO, P. G., FERREIRA, S. M.,
VERDELHOS, T., RAFFAELLI, D. and PARDAL, M. A.
2007. Anthropogenic and natural disturbance effects on a macrobenthic estuarine community over
a 10-year period. Marine Pollution Bulletin, 54:
576-585.
DOMÍNGUEZ, J. 1997. Invernada y migración de limícolas en el litoral atlántico ibérico. In: Las aves
limícolas en España. Colección Técnica. Madrid:
O. A. Parques Nationales-Ministerio de Medio
Ambiente.
GOSS-CUSTARD, J. D. and MOSSER, M. E. 1988. Rates
of change in the numbers of Dunlin Calidris
alpina wintering in British estuaries in relation
to the spread of Spartina anglica. Journal of
Applied Ecology, 25: 95-109.
GOSS-CUSTARD, J. D., STILLMAN, R. A., WEST, A.
D., MCGRORTY, S., DURELL, S. E. A. Le V. Dit and
CALDOW, R. W. G. 2000. The role of behavioural models in predicting the ecological impact of
harvesting. In, L. M. Gosling and W. J. Sutherland (Eds.): Behaviour and Conservation. Cambridge: Cambridge University Press.
Ardeola 54(2), 2007, 237-249

GOSS-CUSTARD, J. D., TRIPLET, P., SUEUR, F. and
WEST, A. D. 2006. Critical thresholds of disturbance by people and raptors in foraging wading
birds. Biological Conservation, 127: 88-97.
HECK, K. L. JR., ABLE, K. W., ROMAN, C. T. and FAHAY, M. P. 1995. Composition, abundance, biomass, and production of macrofauna in a New
England estuary: Comparisons among eelgrass
meadows and other nursery habitats. Estuaries,
18: 379-389.
HULSCHER, J. B., EXO, K. -M. and CLARK, N. A.
1996. Why do Oystercatchers migrate? In, J.D.
Goss-Custard (Ed.): The Oystercatcher: from individual to populations, pp. 155-185. Oxford University Press. Oxford.
INTERNATIONAL WADER STUDY GROUP. 2003. Waders
are declining worldwide. Conclusions from the
2003 International Wader Study Group Conference, Cádiz, Spain. Wader Study Group Bulletin,
101/102: 8-12.
JACOBS, R. P. W. M., DEN HARTOG, C., BRASTER, B.
F and CARRIERE, F. C. 1981. Grazing of the seagrass Zostera noltii by birds at Terschelling (Dutch
Wadden Sea). Aquatic Botany, 10: 241-259.
KALNAY, E., KANAMITSU, M., KISTLER, R., COLLINS,
W., DEAVEN, D., GANDIN, L., IREDELL, M., SHA,
S., WHITE, G., WOOLLEN, J., ZHU, Y., CHELLIAH,
M., EBISUZAKI, W., HIGGINS, W., JANOWIAK, J.,
MO, K. C., ROPELEWSKI, C., WANG, J., LEETMAA,
A., REYNOLDS, R., JENNE, R. and JOSEPH, D. 1996.
The NCEP/NCAR 40-year reanalysis project.
Bulletin of the American Meteorological Society,
77: 437-471.
KERSTEN, M. and PIERSMA, T. 1987. High levels of
energy expenditure in shorebirds; metabolical
adaptations to an energetically expensive way
of life. Ardea, 75: 175-187.
MARTÍ, R. and DEL MORAL, J. C. 2003. La invernada de aves acuáticas en España. Dirección General de Conservación de la Naturaleza-SEO/BirdLife. Madrid: Ministerio de Medio Ambiente.
MATHERS and MONTGOMERY, W. I. 1996. Behaviour
of Brent Geese Branta bernicla hrota and Wigeon
Anas penelope feeding on intertidal Zostera spp.
In: Biology and Environment. Proceedings of the
Royal Irish Academy, Vol. 96b, nº 3: 159-167.
Dublin: Royal Irish Academy.
MORRISON, R. I. G., AUBRY,Y., BUTLER, R. W., BEYERSBERGEN, G. W., DOWNES, C., DONALDSON, G.

TRENDS OF MIGRATORY WATERBIRDS IN SANTOÑA MARSHES

M., GRATTO-TREVOR, C. L., HICKLIN, P. W., JOHNSTON , V. H. and ROSS R. K. 2001. Declines in
North American shorebird populations. Wader
Study Group Bulletin, 94: 34-38.
MUSGROVE, A. J., POLLITT, M., HALL, C., HOLLOWAY,
S., HEARN, R., MARSHALL, P., ROBINSON, J. and
CRANSWICK, P. A. 2001. The Wetland Bird Survey
1999-2000: Wildfowl and Wader counts.
BTO/WWT/RSPB/JNCC, Slimbridge.
NAVEDO, J. G and GONZÁLEZ, F. 2002. Crucial importance of the Marismas de Santoña Nature Reserve during the autumn migration of Spoonbill.
In, J. Veen and O. Stepanova (Eds.): Wetland
Management for Spoonbills and associated waterbirds. Texel: Report of the 68th EUROSITE
Workshop.
NAVEDO, J. G. 2005. Identifying stopover wetlands
for the conservation of an endangered waterbird
species: the role of Santoña Marshes for the Eurasian Spoonbill Platalea leucorodia during autumn migration. V Eurosite Spoonbill Workshop,
Hortobagy (Hungary).
NAVEDO, J. G. 2006. Efectos del marisqueo tradicional sobre la alimentación de las aves limícolas en áreas intermareales: aportaciones para la
gestión de los estuarios cantábricos. Tesis Doctoral. Universidad de Cantabria. 165 pp.
ONDIVIELA, B., ALCÁNTARA, M. A. and FERNÁNDEZ,
L. 2005. Contribución al conocimiento de las comunidades de Zostera spp. del Cantábrico: la
Bahía de Santander y las Marismas de Santoña.
Locustella, 3: 55-67.
ORTH, R. J. 1992. A perspective of plant-animal interactions in seagrasses: physical and biological
determinants influencing plant and animal abundance. In: Plant-animal interactions in the marine benthos. Systematics Association, Special Volume nº 46. Oxford: Clarendon Press.
POORTER, E. P. R. 1990. Pleisterplaatsen van de nederlanse Lepelaar Platalea leucorodia in het
europease deel van hun trekbaan. Techn. Rapport
Vogelbescherming 4.
REHFISCH, M. M, AUSTIN, G. E., FREEMAN, S. N.,
ARMITAGE, M. J. S. and BURTON, N. H. K. 2004.

249

The possible impact of climate change on the future distributions and numbers of waders on
Britain’s non-estuarine coast. Ibis, 146: 70-81.
REHFISCH, M. M., AUSTIN, G. E., ARMITAGE, M. J.
S., ATKINSON, P. W., HOLLOWAY, S. J., MUSGROVE,
A. J. and P OLLITT , M. S. 2003. Numbers of
wintering waterbirds in Great Britain and the Isle
of Man (1994/1995 - 1998/1999): II. Coastal
waders (Charadrii). Biological Conservation,
112: 329-341.
ROSE, P. M. and SCOTT, D. A. 1997. Waterfowl Populations Estimates 2nd edition. Wageningen: Wetlands International.
SMIT, C. J. and PIERSMA, T. 1989. Numbers, midwinter distribution, and migration of wader populations using the East Atlantic Flyway. In, H.
Boyd and J. Y. Pirot (Eds.): Flyways and reserve
networks for waterbirds. Gloucester: IWRB.
UNDERHILL, L. G. and PRYS-JONES, R. P. 1994. Index numbers for waterbird populations. I. Review
and methodology. Journal of Applied Ecology,
31, 462-480.
VAN DE KAM, J., ENS, B., PIERSMA, T. and ZWARTS,
L. 2004. Shorebirds - An illustrated behavioural
ecology. Utrech: KNNV Publishers.
VELASCO T. and ALBERTO, L .J. 1993. Numbers, main
localities and distribution maps of waders wintering in Spain. Wader Study Group Bulletin, 70:
33-41.
VIADA, C. 1998. Áreas Importantes para las Aves
en España. Monografía nº8. Ed. SEO/BirdLife.
Madrid.
WATKINSON, A. R., GILL, J. A. and HULME, M. 2004.
Flying in the face of climate change: a review of
climate change, past, present and future. Ibis, 146:
4-10.
YASUÉ, M., QUINN, J. L. and CRESWELL, W. 2003.
Multiple effects of weather on the starvation and
predation risk trade-off in choice of feeding location in Redshanks. Functional Ecology, 17:
727-736.
[Recibido: 01-07-06]
[Aceptado: 08-10-07]

Ardeola 54(2), 2007, 237-249

