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Abstract.—Mediterranean European rice fields provide important habitats for migrating waterbirds. In winter,
one waterbird species that particularly benefits from rice fields is the Northern Lapwing (Vanellus vanellus), a spe-
cies threatened in Europe. To assess the effect of agri-environmental measures on rice field selection and use by
wintering lapwings, bird counts were conducted in northeastern Spain during two consecutive winters (2005-2006
and 2006-2007). Information on two mandatory post-harvest management prescriptions of the agri-environment
schemes was collected, namely winter flooding (percent ground surface covered by water) and whether fields were
rolled or not. The number of lapwings in rolled fields was significantly higher compared to non-rolled fields. For in-
stance, an average rolled field with 50% water cover (percentage at which lapwing abundance more or less peaked)
would host an estimated 12.03 + 0.52 SE lapwings versus 0.18 + 0.58 in a non-rolled field. While the maximum
abundance of lapwings in rolled fields was found at an intermediate percentage of water cover (about 25 to 75%),
the number of lapwings increased steadily with water cover in non-rolled fields. Rice post-harvest practices derived
from the agri-environment schemes are beneficial for biodiversity, promoting the conservation of suitable habitats
for waterbirds. Recetved 27 April 2019, accepted 5 December 201 9.

Key words.—Agri-environmental measures, lapwing, Mediterranean, post-harvest management, rice, waterbirds.
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It is estimated that natural wetlands have  Sanchez-Guzman et al. 2007; Longoni 2010;
been reduced by 80-90% in the Mediterra- Masero el al. 2011; Pernollet el al. 2015a).
nean region (Finlayson et al. 1992), and ap- Especially in countries with a long tradi-
proximately 23% of the remaining wetlands  tion of rice farming, rice fields may represent
are artificial (e.g., rice fields, salt pans; Pe- a significant proportion of suitable habitat
rennou et al. 2012). Rice fields, which are for waterbirds, to the point of being consid-
among the most important artificial habi- ered as surrogates of natural wetlands (e.g.,
tats, account for 15% of the world’s wetlands ~ Fasola and Ruiz 1996; Toral and Figuerola
(Lawler 2001). Within the European Union, 2010). However, the suitability of rice fields
rice cultivation in the Mediterranean cur- for waterbirds largely depends on the type
rently covers about 445,000 ha, with Italy of farming practices implemented (Elphick
and Spain making up nearly 80% of the et al. 2010; Longoni 2010; Pernollet et al.
overall production (53% and 25%, respec- 2015b; Niang et al. 2016). As an example,
tively; FAOSTAT 2016). Several studies have  during the post-harvest period, straw man-
demonstrated that Mediterranean Europe- agement activities may involve cutting the
an rice fields constitute an important habi- straw into small pieces and rolling the field
tat for migrating waterbirds, both during to mix the stubble and incorporate it into
the breeding and wintering periods (e.g., the soil (Elphick and Oring 1998; Elphick et
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al. 2010). This process is usually combined
with flooding, which increases decomposi-
tion (Elphick et al. 2010).

Agri-environment schemes (AES) were
introduced in the European Union in the
early 1990s as a response to concerns over
biodiversity loss (Kleijn and Sutherland
2003; Concepcion et al. 2008; Scheper et al.
2013; Batary et al. 2015). In these schemes,
farmers are paid to undertake environmen-
tally friendly practices, therefore promoting
sustainable agriculture (Donald and Evans
2006; Kleijn et al. 2006; Ernoul et al. 2014;
Science for Environment Policy 2017). Al-
though these schemes were mainly con-
ceived as a response to declining biodiversity
in farmland ecosystems, the real benefits for
biodiversity and the cost-effectiveness of AES
have been extensively discussed (Kleijn and
Sutherland 2003; Whittingham 2007, 2011;
Ansell et al. 2016).

One of the wintering waterbirds that is
frequently observed in rice fields in Medi-
terranean wetlands is the Northern Lap-
wing (Vanellus vanellus; hereafter “lapwing”)
(Longoni 2010), a species classified as Near
Threatened on the Global Red List (Bird-
Life International 2018) and as Vulnerable
on the European Red List of Birds (BirdLife
International 2015). The European lapwing
population has been declining since the
1980s most likely due to agricultural inten-
sification on its breeding grounds (Newton
2004; Sheldon et al. 2004; Robinson et al.
2014; Souchay and Schaub 2016).

The objective of this study was to assess
the effect of agri-environmental measures
on rice field selection and use by wintering
lapwings in the Baix Ter wetlands. To date,
the rice field avifauna has not been exten-
sively monitored in this region, and there-
fore the lapwing occurrence in rice fields is
not properly documented. We study the ex-
tent to which rolling after flooding (a straw
management method consisting of rolling
the field to mix the stubble into the soil) and
winter flooding (where no straw manage-
ment is applied), two of the primary manda-
tory agri-environmental measures that farm-
ers implement (Reig-Martinez and Estruch
2006; Picazo-Tadeo et al. 2009), influence

the abundance of lapwings. Our hypothesis
is that AES enhance lapwing abundances in
rice fields during the post-harvest period
and are therefore beneficial for lapwings
and other wader species due to the pres-
ence of arthropods and earthworms, which
are key for their wintering diet (Gillings and
Sutherland 2007).

METHODS

Study Area

This study was carried out in the Baix Ter wetlands
of northeastern Spain (42° 00’ 18" N, 3° 11' 04" E; Fig.
1A), of which rice fields currently cover about 600 ha.
Given that the area is part of the Natura 2000 network
(Quintana et al. 2009), management prescriptions of
AES are mandatory for farmers (OECD 2017). After
the harvest, in September-October, straw is left standing
in the fields. Following the AES prescriptions, farmers
flood the fields for four months (Fig. 1B). During this
time, stubble is mixed with standing water in a process
called rolling after flooding (Fig. 1C). The mainte-
nance of flooded fields during winter forms a dynamic
landscape where the percent ground surface covered
by water differs in each of the crops. Straw management
options (e.g., rolling after flooding; Elphick and Oring
1998) are similar for both organic and conventional
farms, but our analysis only included conventional
farms.

Lapwing Counts and Rice Field Management

During the winters 2005-2006 and 2006-2007, from
the beginning of December to mid-March, we counted
the number of lapwings present on 40 rice fields cover-
ing an area of 96.5 ha (ranging from 0.34 to 7.97 ha; X
area = SE = 2.41 + 1.65). Surveys were conducted from
a vehicle on a road alongside the fields at low speed
to avoid flushing the birds and to cover the maximum
number possible of rice fields in the Baix Ter. Two
persons were responsible for counting all the birds
in each of the fields. Birds that left from or landed
on a field during a survey were counted, but birds fly-
ing overhead were not. Counters only recorded the
number of lapwings, which was the main bird species
encountered in the fields. Although lapwing numbers
only marginally change throughout the day, surveys
were always made four hours after sunrise to avoid any
potential time bias. During the first winter, a total of
14 weekly surveys were done, but only 13 surveys were
conducted in winter 2006-2007 due to bad weather
conditions on the last week of December. Surveys were
finalized when fields had to be plowed (around mid-
March). In every visit and for each rice field included
in this study, we collected information on: 1) whether
the field was rolled; and 2) the percent ground surface
covered by water (ranging from 0% to a value of 100%
for a completely flooded field).

Downloaded From: https://complete.bioone.org/journals/Waterbirds on 19 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



88 WATERBIRDS

Figure 1. Location of the study area in the Baix Ter wetlands, northeastern Spain (A), where the effect of agri-
environmental measures on rice field selection and use by wintering Northern Lapwings (Vanellus vanellus) was
studied; with picture of a flooded-non-rolled rice field (B) and a rolled rice field (C).

Data Analysis

To assess lapwing site preference, we applied a gen-
ceralized linear mixed model (GLMM) with a Negative
binomial error distribution (given that lapwings tend
to flock) and a logarithmic link-function to model the
abundance of lapwings in relation to rolling and wa-
ter cover. The latter variable was transformed into a
second-degree polynomial (“water cover2”) to acknowl-
edge the possibility that lapwing abundance did not re-
spond linearly to water cover. We added the interaction
between water cover (“water cover2”; continuous vari-
able) and rolling (“rolled”; defined as a factor) to inves-
tigate if the effect of water cover on lapwing numbers
was conditional on the field being already rolled (Table
1). We also included in the model two random-effect
intercepts: field identity accounts for random variation
in the intercept among fields (i.e., we assume that there
were other differences between rice fields than the ones
we could account for in our model), whereas number
of weeks since the first of December takes into account
the fact that lapwing numbers can also vary due to the
species phenology, or also because rice fields are much
drier towards the end of the winter. Finally, the area of
the fields was transformed into log of area (i.e., used
as an offset variable) to scale the expected number
of lapwings to the hectares counted by the observers,
since one would presume that the number of lapwings
is proportional to the size of the field. We evaluated five
different model combinations to identify the one that

best described lapwing abundance (Table 1). For that,
we performed our model selection based on Akaike
Information Criterion (AIC) due to low sample sizes,
and considered that models in which the difference in
AIC_ compared to the best model was < 2 had substan-
tial support (Burnham and Anderson 2002). We used
Likelihood-ratio tests to evaluate the inclusion of fixed
cffects in the most parsimonious model (Pinheiro and
Bates 2000). Analyses were carried out using the pack-
age Ime4 in R software v3.5.0 (Bates et al. 2015; R Core
Team 2019).

REsuLTS

The average water cover in a field was
about 28% during the first winter and 32%
in winter 2006-2007 (Fig. 2). On average,
non-rolled fields had higher water cover
than rolled fields, 38% and 26% respective-
ly (Wilcoxon rank-sum test: W=172103, P<
0.001). The total lapwing numbers followed
a characteristic pattern in both years, with
two peaks corresponding to southwards
movements in January, and another peak
for the northward migration during the sec-
ond week of February (Fig. 3A). During De-

Downloaded From: https://complete.bioone.org/journals/Waterbirds on 19 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



BIRDS IN MEDITERRANEAN RICE FIELDS 89

Table 1. Results from the five candidate models explaining Northern Lapwing (Vanellus vanellus) abundance evalu-
ated based on their AIC_ (small-sample-size corrected version of Akaike Information Criterion) values: K is the
number of explanatory variables, A, the AIC_ differences compared to the most parsimonious model, and LL the
model log-likelihood. All models included the random intercepts of field identity (“field”) and number of weeks
since the first of December (“no week”). The most parsimonious model is in bold.

Model K A LL

count ~ water cover2 * rolled + (1lfield) + (1lno week) 9 0.00 -1986.83
count ~ water cover?2 + rolled + (1lfield) + (1Ino week) 7 41.00 -2009.36
count ~ rolled + (1lfield) + (1Ino week) 5 69.99 -2025.88
count ~ water cover2 + (1lfield) + (1lno week) 6 129.56 -2054.65
count ~ (1lfield) + (1Ino week) 4 171.59 -2077.69

cember and January, the number of rolled
rice fields was variable, and the proportion
of rolled fields gradually increased until all
the fields were rolled by mid-February (Fig.
3B).

The results from the Likelihood-ratio
tests revealed that there was one model sup-
ported over the others in terms of parsimo-
ny (difference in AIC_between the best and
the second-best model A, > 41, x*, = 45.1, P
< 0.001; Table 1). The best model included
as fixed effects the interaction between the
second-degree polynomial of water cover
and rolling (Table 1). The two random ef-
fects (field identity and number of weeks
since the first of December) were included
in the model with estimated variance of
2.631 + 1.622 SD and 2.072 + 1.439, respec-
tively (Table 2).

The number of lapwings that rolled fields
could host was manifold higher than in non-
rolled fields (Table 2; Fig. 4). For instance,
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Figure 2. Mean percent ground surface covered by wa-

ter in each of the study rice fields (7=40) in the Baix Ter

wetlands, northeastern Spain, during two consecutive

winters: 2005-2006 and 2006-2007.

an average rolled field with 50% water cover
(percentage at which lapwing abundance
more or less peaked) would host an estimat-
ed 12.03 + 0.52 SE lapwings versus 0.18 + 0.58
win a non-rolled field. While in rolled fields
the maximum abundance of lapwings was
found at an intermediate percentage of wa-
ter cover (approximately from 25 to 75%), in
non-rolled fields the number of lapwings in-
creased steadily with water cover (Fig. 4). Ac-
cording to our data, water cover was between
25 and 75% in less than 50% of the times the
rice fields were counted (41% in winter 2005-
2006 and 37% in winter 2006-2007).
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Figure 3. Total counts of Northern Lapwings (Vanellus
vanellus) in the rice fields of Baix Ter wetlands, north-
eastern Spain, during the two winter seasons 2005-2006
and 2006-2007 (A); and proportion of rolled and non-
rolled fields averaged over the two winters (B).
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Table 2. Coefficients of the top negative binomial GLMM (Generalized Linear Mixed Model) predicting the num-
ber of Northern Lapwings (Vanellus vanellus) in rice fields. Negative binomial dispersion parameter: 0.201.

Estimate SE Z~value P-value
Intercept -2.597 0.578 -4.496 <0.001
Water cover 25.792 8.120 3.176 0.001
(Water cover)? 10.117 7.374 1.372 0.170
Rolled* 3.108 0.394 7.880 <0.001
Water cover:Rolled -14.664 9.295 -1.578 0.115
(Water cover)?:Rolled -38.960 8.341 -4.671 <0.001

“Reference level is “Non-rolled”

Discussion

Our results showed that the agri-environ-
mental measures of flooding and rolling rice
fields during winter favor the presence oflap-
wings. A correct management of these agri-
cultural habitats promotes waterbird conser-
vation (Elphick and Oring 2003; Lourenco
and Piersma 2009; Longoni 2010; Pernollet

et al. 2015b). Contrary to other traditional
management methods used in the study area
during the 1980s (e.g., high use of chemicals
or stubble burning), which are widely rec-
ognized as being detrimental to waterbirds
(Longoni 2010), flooding of rice fields has
been demonstrated to increase the numbers
of several bird species (Elphick and Oring
1998, 2003; Pernollet et al. 2015a). This tech-

25.01

10.04

5.0

Lapwing count

0.1+

Not rolled
— Rolled

50 75 100

Water cover (%)

Figure 4. Estimated number of Northern Lapwings (Vanellus vanellus) in the Baix Ter wetlands, northeastern Spain,
for an average rice field depending on water cover and whether the field is rolled or not. Shaded areas represent
95% confidence intervals. Black dots correspond to the average water cover for non-rolled and rolled rice fields.
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nique, which started to be implemented in
the 1990s in the Baix Ter wetlands, improves
rice stubble decomposition, mainly because
waterbirds tear the stubble into pieces, there-
fore improving its contact with soil (Bird et
al. 2000; van Groenigen et al. 2003; Brogi et
al. 2015). The increase in decomposition
also makes nitrogen more available the fol-
lowing spring (van Diepen et al. 2004). The
presence of high waterbird densities also
benefits farmers because waterbird foraging
activity on stubble decomposition may help
to reduce the abundance of pest species
(Green and Elmberg 2014). Although flood-
ing may be beneficial to farmers, this prac-
tice can be costly if it consumes a lot of water.
In this sense, focusing on optimal flooding
levels could possibly minimize this concern
(Elphick et al. 2010). Similar to the results
found by Eadie et al. (2008), in many cases
the percentage of water cover estimated in
rice fields was above or below the range at
which lapwing abundance was found to be at
its highest, indicating that the same (or may-
be more) conservation benefits could have
been obtained using less water (Elphick et al.
2010).

Despite that higher densities of lapwings
were observed on wintering flooded rice
fields in Portugal (Lourenco and Piersma
2009), several studies have demonstrated
that the practice of rolling after flooding
can increase the richness of waterbird com-
munities, especially when it comes to short-
legged shorebirds (Elphick and Oring 1998,
2003; Sanchez-Guzman et al. 2007; Lourenco
and Piersma 2009). A potential explanation
for this association is most likely better ac-
cess to the foraging substrate when stubble is
mixed (Lourenco and Piersma 2009). Some
long-legged wading species can sometimes
favor rolled rather than only flooded rice
fields (standing stubble), such as the case of
Black-tailed Godwits (Limosa limosa) (Lou-
renco and Piersma 2008; Santiago-Quesada
et al. 2014). This suggests that other mea-
sures than flooding alone can also provide
suitable habitat for waterbirds, while at the
same time increasing invertebrate produc-
tion (Lawler and Dritz 2005; Longoni 2010),
possibly benefitting other insectivorous spe-

cies. In fact, the results of the present case
study indicate that when rice fields have
been rolled after flooding, the density of
lapwings is higher than in non-rolled fields.
High water cover is an essential factor in
non-rolled fields, whereas for rolled fields,
an intermediate percentage of water cover is
preferable. Some studies carried out on USA
rice fields have pointed out how water depth
influenced whether a species was present at
asite (Elphick and Oring 1998, 2003). How-
ever, the relationship between bird abun-
dance and water cover has been investigated
in other types of wetlands different than rice
fields (e.g., Baschuk et al. 2012; Vanausdall
and Dinsmore 2019). This is one of the few
studies that assesses the interaction between
two different AES measures (here flooding
and rolling) and identifies the optimal rang-
es of water cover where species abundance is
found at its highest depending on whether
rice fields are rolled or not.

Farmers are encouraged to roll their
fields and maintain a water cover not too
high to obtain both agronomic benefits and
ecosystem services for waterbirds, while at
the same time promoting the conservation of
their habitats (Pernollet et al. 2015a; Niang et
al. 2016). However, because not all waterbird
species react positively to rolled rice fields, a
combination of rolled and non-rolled fields
would be ideal, with plowing spread across
the winter to guarantee the availability of
standing stubble fields throughout the pe-
riod (Lourenco and Piersma 2009; Strum et
al. 2013). Also, keeping water on fields for
longer periods increases the number of in-
vertebrates which favors pre-breeding and
migrant shorebirds in early spring (Krapu
and Reinecke 1992; Elphick et al. 2010). This
research study reaffirms the importance of
rice post-harvest management practices
as an essential tool for the conservation of
waterbirds. The management prescriptions
of AES increase the suitability of these habi-
tats for most waterbird species.

ACKNOWLEDGMENTS

We would like to thank Aleksi Lehikoinen for his
insightful comments on an earlier version of the manu-
script, as well as two anonymous reviewers for additional

Downloaded From: https://complete.bioone.org/journals/Waterbirds on 19 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



92 WATERBIRDS

helpful suggestions. Sara Fraixedas was supported by a
post-doctoral fellowship from HELSUS, and Daniel
Burgas by the Finnish Cultural Foundation. This work
was also funded by the Agencia de Gestié d’Ajuts Uni-
versitaris i de Recerca of the Generalitat de Catalunya
(grant no. 2017SGR1344).

LiTERATURE CITED

Ansell, D., D. Freudenberger, N. Munro and P. Gibbons.
2016. The cost-effectiveness of agri-environment
schemes for biodiversity conservation: A quanti-
tative review. Agriculture, Ecosystems & Environ-
ment 225: 184-191.

Baschuk, M. S., N. Koper, D. A. Wrubleski and G. Golds-
borough. 2012. Effects of water depth, cover and
food resources on habitat use of marsh birds and
waterfowl in boreal wetlands of Manitoba, Canada.
Waterbirds 35: 44-55.

Batary, P, L. V. Dicks, D. Kleijn and W. J. Sutherland.
2015. The role of agri-environment schemes in con-
servation and environmental management. Conser-
vation Biology 29: 1006-1016.

Bates, D., M. Maechler, B. Bolker and S. Walker. 2015.
Fitting Linear Mixed-Effects Models Using lme4.
Journal of Statistical Software 67: 1-48.

Bird, J. A., G. S. Pettygrove and J. M. Eadie. 2000. The
impact of waterfowl foraging on the decomposition
of rice straw: mutual benefits for rice growers and
waterfowl. Journal of Applied Ecology 37: 728-741.

BirdLife International. 2015. European Red List of
Birds. Office for Official Publications of the Euro-
pean Communities, Luxembourg.

BirdLife International. 2018. Species factsheet: Vanel-
lus  vanellus. BirdLife International, Cambridge.
http://www.birdlife.org/, accessed 2 November 2018.

Brogi, A., C. A. Pernollet, M. Gauthier-Clerc and M.
Guillemain. 2015. Waterfowl foraging in winter-
flooded ricefields: Any agronomic benefits for farm-
ers? Ambio 44: 793-802.

Burnham, K. P. and D. R. Anderson. 2002. Model selec-
tion and multimodel inference. Springer, New York,
New York, USA.

Concepcién, E. D., M. Diaz and R. A. Baquero. 2008.
Effects of landscape complexity on the ecological
effectiveness of agri-environment schemes. Land-
scape Ecology 23: 135-148.

Donald, P. F. and A. D. Evans. 2006. Habitat connectiv-
ity and matrix restoration: the wider implications of
agri-environment schemes. Journal of Applied Ecol-
ogy 43: 209-218.

Eadie, J. M., C. S. Elphick, K. J. Reinecke and M. R.
Miller. 2008. Wildlife values of North American rice-
lands. Pages 7-90 in Conservation in Ricelands of
North America (S. W. Manley, Ed.). The Rice Foun-
dation, Stuttgart, Arkansas, USA.

Elphick, C. S. and L. W. Oring. 1998. Winter manage-
ment of Californian rice fields for waterbirds. Jour-
nal of Applied Ecology 35: 95-108.

Elphick, C. S. and L. W. Oring. 2003. Conservation im-
plications of flooding rice fields on winter waterbird

communities. Agriculture, Ecosystems & Environ-
ment 94: 17-29.

Elphick, C. S., O. Taft and P. Lourenco. 2010. Manage-
ment of rice fields for birds during the non-growing
season. Waterbirds 33: 181-192.

Ernoul, L., F. Mesléard, P. Gaubert and A. Béchet. 2014.
Limits to agri-environmental schemes uptake to
mitigate human-wildlife conflict: lessons learned
from Flamingos in the Camargue, southern France.
International Journal of Agricultural Sustainability
12: 23-36.

Food and Agriculture Organization Corporate Statisti-
cal Database (FAOSTAT). 2016. Production Crop.
Statistical databases. Food and Agriculture Organi-
zation of the United Nations (FAO), Rome, Italy.
http://www.fao.org/, accessed 13 November 2018.

Fasola, M. and X. Ruiz. 1996. The value of rice fields
as substitutes for natural wetlands for waterbirds in
the Mediterranean region. Colonial Waterbirds 19:
122-128.

Finlayson, C., G. Hollis and T. J. Davis. 1992. Manag-
ing Mediterranean wetlands and their birds. Inter-
national Waterfowl and Wetlands Research Bureau
(IWRB) Special Publication No. 20. IWRB, Slim-
bridge, United Kingdom.

Gillings, S. and W. J. Sutherland. 2007. Comparative di-
urnal and nocturnal diet and foraging in Eurasian
Golden Plovers Pluvialis apricaria and Northern
Lapwings Vanellus vanellus wintering on arable farm-
land. Ardea 95: 243-257.

Green, A. J. and J. ElImberg. 2014. Ecosystem services
provided by waterbirds. Biological Reviews 89: 105-
122.

Kleijn, D. and W. J. Sutherland. 2003. How effective are
European agri-environment schemes on conserv-
ing and promoting biodiversity? Journal of Applied
Ecology 40: 947-969.

Krapu, G. L. and K. J. Reinecke. 1992. Foraging ecology
and nutrition. Pages 1-29 in Ecology and Manage-
ment of Breeding Waterfowl (B. D. J. Batt, A. D. Af-
ton, M. G. Anderson, C. D. Ankney, D. H. Johnson,
J. A. Kadlec and G. L. Krapu, Eds.). University of
Minnesota Press, Minneapolis, Minnesota, USA.

Lawler, S. P. 2001. Rice fields as temporary wetlands: a
review. Israel Journal of Zoology 47: 513-528.

Lawler, S. P. and D. A. Dritz. 2005. Straw and winter
flooding benefit mosquitoes and other insects in
a rice agroecosystem. Ecological Applications 15:
2052-2059.

Longoni, V. 2010. Rice fields and waterbirds in the Med-
iterranean region and the Middle East. Waterbirds
33: 83-96.

Lourenco, P. M. and T. Piersma. 2008. Stopover ecology
of Black-tailed Godwits Limosa limosa limosa in Portu-
guese rice fields: a guide on where to feed in winter.
Bird Study 55: 194-202.

Lourenco, P. M. and T. Piersma. 2009. Waterbird densi-
ties in South European rice fields as a function of
rice management. Ibis 151: 196-199.

Masero, J. A., F. Santiago-Quesada, J. M. Sanchez-
Guzman, A. Villegas, J. M. Abad-G6émez, R. ]. Lopes,

Downloaded From: https://complete.bioone.org/journals/Waterbirds on 19 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



BIRDS IN MEDITERRANEAN RICE FIELDS 93

V. Encarnacao, C. Corbacho and R. Moran. 2011.
Long lengths of stay, large numbers, and trends of
the Black-tailed Godwit Limosa limosa in rice fields
during spring migration. Bird Conservation Inter-
national 21: 12-14.

Newton, I. 2004. The recent declines of farmland bird
populations in Britain: an appraisal of causal factors
and conservation actions. Ibis 146: 579-600.

Niang, A., C. A. Pernollet, M. Gauthier-Clerc and M.
Gauillemain. 2016. A cost-benefit analysis of rice field
winter flooding for conservation purposes in Cam-
argue, Southern France. Agriculture, Ecosystems &
Environment 231: 193-205.

OECD 2017. Evaluation of Agricultural Policy Reforms
in the European Union: The Common Agricultural
Policy 2014-20. OECD Publishing, Paris.

Perennou, C., C. Beltrame, A. Guelmami, P. Tomas-
Vives and P. Caessteker. 2012. Existing areas and past
changes of wetland extent in the Mediterranean re-
gion: an overview. Ecologia Mediterranea 38: 53-66.

Pernollet, C. A., A. Guelmami, A. J. Green, A. Curcé Ma-
sip, B. Dies, G. Bogliani, F. Tesio, A. Brogi, M. Gauth-
ier-Clerc and M. Guillemain. 2015a. A comparison
of wintering duck numbers among European rice
production areas with contrasting flooding regimes.
Biological Conservation 186: 214-224.

Pernollet, C. A., D. Simpson, M. Gauthier-Clerc and
M. Guillemain. 2015b. Rice and duck, a good
combination? Identifying the incentives and trig-
gers for joint rice farming and wild duck conserva-
tion. Agriculture, Ecosystems & Environment 214:
118-132.

Picazo-Tadeo, A. J., E. Reig-Martinez and V. Estruch.
2009. Farming efficiency and the survival of valu-
able agro-ecosystems: A case study of rice farming in
European Mediterranean wetlands. Open Environ-
mental Sciences 3: 42-51.

Pinheiro, J. C. and D. M. Bates. 2000. Mixed-effects
models in S and S-PLUS. Springer, New York, New
York, USA.

Quintana, X., C. Feo, A. Crous, J. Gesti, J. Font and Q.
Pou. 2009. Actuacions i reptes en la conservacio dels
aiguamolls del Baix Ter. Papers del Montgri 30: 94.
http://www.raco.cat/, accessed 14 November 2018
[in Catalan].

R Core Team. 2019. R: A language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. https://www.R-proj-
ect.org/, accessed 19 December 2018.

Reig-Martinez, E. and V. Estruch. 2006. The Common
Agricultural Policy and Farming in Protected Eco-
systems: A Policy Analysis Matrix Approach. Docu-
mento de Trabajo 13. Fundacién BBVA, Bilbao.

Robinson, R. A., C. A. Morrison and S. R. Baillie. 2014.
Integrating demographic data: towards a framework
for monitoring wildlife populations at large spatial
scales. Methods in Ecology and Evolution 5: 1361-
72.

Sanchez-Guzman, J. M., R. Moran, J. A. Masero, C.
Corbacho, E. Costillo, A. Villegas and F. Santiago-
Quesada. 2007. Identifying new buffer areas for con-
serving waterbirds in the Mediterranean basin: the
importance of the rice fields in Extremadura, Spain.
Biodiversity and Conservation 16: 3333-3344.

Santiago-Quesada, F., J. A. Masero, N. Albano and J. M.
Sanchez-Guzman. 2014. Roost location and land-
scape attributes influencing habitat selection of mi-
gratory waterbirds in rice fields. Agriculture, Ecosys-
tems & Environment 188: 97-102.

Scheper, J., A. Holzschuh, M. Kuussaari, S. G. Potts, M.
Rundlof, H. G. Smith and D. Kleijn. 2013. Environ-
mental factors driving the effectiveness of European
agri-environmental measures in mitigating pollina-
tor loss- a meta-analysis. Ecology Letters 16: 912-920.

Science for Environment Policy 2017. Agri-environ-
mental schemes: how to enhance the agriculture-
environment relationship. Thematic Issue 57. Is-
sue produced for the European Commission DG
Environment by the Science Communication Unit.
University of the West of England (UWE), Bristol,
England. http://ec.europa.eu/science-environ-
ment-policy, accessed 9 November 2018.

Sheldon, R., M. Bolton, S. Gillings and A. Wilson. 2004.
Conservation management of Lapwing Vanellus
vanellus on lowland arable farmland in the UK. Ibis
146: 41-49.

Souchay, G. and M. Schaub. 2016. Investigating rates
of hunting and survival in declining European Lap-
wing populations. PLoS ONE 11: e0163850.

Strum, K. M., M. E. Reiter, C A. Hartman, M. N. Iglecia,
T. R. Kelsey and C. M. Hickey. 2013. Winter manage-
ment of California’s rice fields to maximize water-
bird habitat and minimize water use. Agriculture,
Ecosystems & Environment 179: 116-124.

Toral, G. and J. Figuerola. 2010. Unraveling the impor-
tance of rice fields for waterbird populations in Eu-
rope. Biodiversity and Conservation 19: 3459-3469.

Vanausdall, R. A. and S. J. Dinsmore. 2019. Habitat asso-
ciations of migratory waterbirds using restored shal-
low lakes in Towa. Waterbirds 42: 135-153.

van Diepen, L. T. A, J. W. van Groenigen and C. van
Kessel. 2004. Isotopic evidence for changes in resi-
due decomposition and N-cycling in winter flooded
rice fields by foraging waterfowl. Agriculture, Eco-
systems & Environment 102: 41-47.

van Groenigen, J. W., E. J. Burns, ]J. M. Eadie, W. R.
Horwath and C. van Kessel. 2003. Effects of forag-
ing waterfowl in winter flooded rice fields on weed
stress and residue decomposition. Agriculture, Eco-
systems & Environment 95: 289-296.

Whittingham, M. J. 2007. Will agri-environment
schemes deliver substantial biodiversity gain, and if
not why not? Journal of Applied Ecology 44: 1-5.

Whittingham, M. ]. 2011. The future of agri-environment
schemes: biodiversity gains and ecosystem service de-
livery? Journal of Applied Ecology 48: 509-513.

Downloaded From: https://complete.bioone.org/journals/Waterbirds on 19 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



