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The Western European breeding population of Black-tailed Godwits Limosa limosa ~ Keywords
limosa is declining alarmingly. The International Wader Study Group held a workshop
in 2007 to identify the likely causes for this decline and generate a research agenda to
improve godwit conservation, with a follow-up workshop held in 2022. Here, we report  distribution
on the 2022 workshop to summarise which of the research gaps identified in 2007 have
been addressed, to assess the current situation for godwits (e.g. issues and threats), and
to set a new conservation research agenda. Low reproductive success was considered
in 2007 to be the most likely cause of the population decline, and the currentevidence  migration
points even more clearly to insufficient productivity as the main driver, yet there are
still no solutions to ensure stable and self-sustaining godwit populations. The
development of long-term solutions is hampered by trade-offs with other societal ~recommendation
desires, especially related to agriculture. The 2022 workshop also identified a list of  |astoration
research questions to prioritise; these mainly address the lack of mechanistic

understanding that currently hinders the development and implementation of the

holistic, restorative approaches needed to conserve godwits. How do godwits

determine where and when to breed? Why do chick growth and chick survival decline

seasonally? Why do nest and chick predation vary in space and time? Establishing these

and other relationships between the environment and godwit productivity is necessary

to understand what conservation measures are required and how to incorporate them

into a larger societal picture. Meanwhile, we must also identify threats the godwit

population could face in the coming years, including highlighting the need to - at the

very least — maintain the status quo along the flyway to avoid further losses.
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INTRODUCTION

Western Europe’s breeding population of Black-tailed
Godwits Limosa limosa limosa (hereafter godwits) is in
alarming decline. Godwits are categorised in the IUCN
Red List as globally Near Threatened, with a regional
status of Endangered in the European Union member
states and the United Kingdom (BirdLife International
2017, 2021). The 2015 breeding population estimate in
European Union countries was 43,400-70,300 pairs, with
four countries holding >1% of the breeding population
(Netherlands 81%, Germany 9%, Poland 3% and
Belgium 2%; Leyrer et al. 2018). In their breeding
stronghold in the Netherlands, the number of breeding
pairs decreased from 120,000 in 1967 (Mulder 1972) to
33,000 in 2015 (-73%; Kentie et al. 2016).

In 2007, the International Wader Study Group (IWSG)
held a workshop to identify the likely causes of population
changes in the increasing islandica and declining limosa
subspecies and to generate recommendations for future
action to improve godwit conservation (see Gill et al. 2007
for a synthesis). A follow-up workshop was held during
the 2022 IWSG conference, focusing on the declining
limosa subspecies in Western Europe. The goal of the 2022
workshop and this paper is to summarize the extent to
which six research gaps identified in the 2007 workshop
have been addressed, to assess the current situation for
godwits (e.g. issues, threats) and, especially, to update the
godwit research agenda by identifying applied research
priorities needed for effective godwit conservation.

FILLING RESEARCH GAPS IDENTIFIED IN 2007

Background

The six key research gaps identified in 2007 were based on
what was known at the time about factors relevant to the
godwit population. In line with earlier studies (Beintema
& Miiskens 1987, Kruk et al. 1996, 1997), reduced godwit
productivity linked to changes in land use was considered
the most likely cause of the limosa population decline.
Changes in the timing and frequency of mowing - leading
to direct nest and chick loss, higher predation pressure on
nests and chicks, and poorer foraging conditions for
chicks - were highlighted as especially influential in
reducing godwit productivity. The 2007 workshop also
determined that agri-environment schemes designed to
increase godwit productivity had not increased chick
survival to levels that could maintain the breeding
population (Verhulst e al. 2007, Schekkerman et al. 2008).
In response to these pressing concerns about land use and
conservation strategy, the 2007 workshop recommended
that the previously geographically scattered agri-
environment schemes be refocused to concentrate on
more favourable areas for godwits, i.e. those with high
groundwater levels and open landscapes, and that small-
scale habitat mosaics and high groundwater levels be
incorporated into management prescriptions.

Other plausible contributing factors to population decline
were identified in 2007, including decreases in body
condition and survival of adults due to changes in habitat
availability in the Sahel region of Africa and/or changes in
winter and spring diet. The empirical evidence to support
these ideas was limited, in part because adult survival rates
were high and stable at the time. Nonetheless, there was
substantial concern that these factors could exacerbate
population declines in the future, especially because
habitat availability on the non-breeding grounds is related
to rainfall and thus likely to be affected by further changes
in climate (Gill et al. 2007). As a result, the 2007 workshop
also recommended improving the conservation of key
wetland habitats on the Iberian Peninsula and in Africa,
and banning the hunting of godwits as a precaution until
productivity levels could sustain a regulated level of
hunting mortality.

Here, we revisit the research gaps identified in 2007 to
summarise how they have been addressed over the past
15 years (Table 1). Our aim is to provide an overview of
the knowledge advances made, rather than an exhaustive
review of all relevant research. We therefore tried to
incorporate only peer-reviewed publications in English,
and for brevity present only one or two sources in cases
where multiple studies showed similar results.

How have we progressed since 2007?

Research gap 1: Improve estimates of juvenile survival,
causes of mortality, and distribution prior to recruitment.
Published results from multiple locations have reported
juvenile survival estimates. A comprehensive study by
Loonstra et al. (2019) estimated chick survival in the first
45 days after hatching across nine years in the Netherlands
and found annual fluctuations, sex-specific differences
with lower survival for females, and habitat-specific
differences with higher survival when hatched in herb-
rich meadows versus intensively farmed grassland
monocultures. Kentie et al. (2013) found the same habitat-
specific differences in chick survival in this population.
Kentie et al. (2018) also reported a seasonal decline in
survival, consistent with findings at other sites in the
Netherlands (Roodbergen & Klok 2008), the UK
(Verhoeven et al. 2021a) and Germany (Loonstra et al.
2024). The causes underlying these habitat-specific, sex-
specific, seasonal and annual differences in survival rates
have not been studied; this knowledge gap is a serious
impediment to influencing conservation policy and
applying management actions that will maintain or
recover the godwit population (see also ‘New Research
Priorities, below). Juvenile survival from 45 days to one
year old was also estimated by Loonstra et al. (2019) but
was found not to be habitat- or sex-specific; seasonal and
annual differences were not investigated.

Surprisingly, given the concerns about reduced godwit
productivity, there were no new studies reporting directly
on causes of godwit chick mortality. Teunissen et al. (2008)
and Schekkerman et al. (2009), both of which were
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Table 1. The key research gaps identified during the 2007 IWSG workshop and what we have learned about them in

the past 15 years as presented during the 2022 workshop.

2007 Key Research Gaps

2022 Research Advances

1. Improve estimates of juvenile survival, causes of mortality and
distribution prior to recruitment.

Multiple estimates of juvenile survival; no direct studies of mortality;
one study on distribution prior to recruitment.

2. Improve survey information on the distribution and abundance
of Black-tailed Godwits in the West African wintering grounds.

Two informative tracking studies from the Netherlands;
no abundance estimates from West Africa.

3. Improve understanding of the importance of the Dofiana National
and Natural Park area for protecting L. I. limosa during spring migration.

Two local studies showing the importance as a stopover, moulting,
and non-breeding site. Results corroborated by tracking studies.

4. Explore the potential impact of hunting on the limosa population,
and work with hunting organizations to develop better methods of
recording accurate bag statistics in France.

No studies undertaken; hunting moratorium in France since 2008.
Likely to be limited to illegal hunting in Europe and some hunting
in West Africa.

5. Explore the impact of the increasing time-lag between godwit
arrival in the Netherlands and the commencement of breeding,
and the frequency of deferral of breeding attempts.

Long arrival - laying interval observed, but no evidence it is increasing.
Deferral of breeding has not been observed among females; skipping
a breeding season seems rare, if it occurs at all.

6. Improve understanding of the location, timing and duration of
use of passage sites in Europe and Africa, and habitat use and diet
within these sites.

Knowledge gained through tracking studies from the Netherlands
and local studies on the Iberian Peninsula; godwits show individual
variation in diet which might be related to their sex.

incorporated into the 2007 workshop, therefore remain the
most recent studies to examine this specifically; they
indicate that chick mortality mainly resulted from predation
and mowing. Numerous more recent studies indicate higher
chick survival with lower levels of agricultural activity (e.g.
Kentie et al. 2013, 2018, Loonstra et al. 2019) and at lower
predator abundances (e.g. Verhoeven et al. 2022a, Loonstra
et al. 2024), and one recent report did focus on predation
of chicks (Jonge Poerink et al. 2020). However, the
underlying factors that may determine whether a chick lives
or dies (e.g. good versus poor condition, early versus late
hatch date) remain unstudied.

One study followed juveniles during their first south- and
northward migrations; juveniles were found to have a
higher mortality rate than adults, with juvenile deaths
mostly occurring during the first southward migration
(Verhoeven et al. 2022b). The study also provided insight
into the distribution of juvenile godwits during the non-
breeding season and prior to recruitment: juveniles and
adults from the Netherlands predominantly used the same
sites, but some juveniles displayed other behaviours,
including spending the summer in non-breeding areas and
visiting sites (e.g. in Albania, Algeria, Italy, and Libya) that
lie outside of the commonly observed migratory corridor
of adults during both south- and northward migration.

Research gap 2: Improve survey information on the
distribution and abundance of godwits in West African
non-breeding areas.

Considerable information on the distribution of godwits
in West African non-breeding areas was gained from two
tracking studies on godwits that bred in the Netherlands.
Hooijmeijer et al. (2013) used satellite and geolocator
tracking to follow individuals through part of one winter
and observed that those godwits spent time in five

countries in West Africa: Senegal, Guinea-Bissau, Mali,
Mauritania, and the Ivory Coast. In this study, the three
sites that supported the most satellite-tracked godwits
were the Rio Geba delta in Guinea-Bissau, the Senegal
River delta in Senegal and Mauritania, and the Inner Niger
River delta in Mali. In addition, most tracked godwits were
observed moving between multiple West African areas.
Most of these findings were corroborated by Verhoeven et
al. (2021b), with tracked godwits making large movements
to use multiple West African areas, including sites in all
five countries except the Ivory Coast. This later study
added observations in The Gambia and Guinea,
identifying a total of eight wetland complexes used by
godwits: (1) the Inner Niger River delta in Mali and a
network of sites in coastal West Africa; (2) the west and
(3) east Senegal River, in Senegal and Mauritania; (4)
Technopole, in Senegal; (5) the Saloum River, in Senegal;
(6) the Gambia River, in The Gambia; (7) the Casamance
River, in Senegal; and (8) multiple rivers on the coast of
Guinea-Bissau and Guinea, including the Cacheu, Mansoa
and Geba. The study tracked the same individuals over
multiple years, showing high levels of between-year site
fidelity. In addition, there are tracking studies showing
that some individuals from the Eastern European breeding
population (Belarus, Poland) make large movements
within Africa (>2,000 km) and mix with the Western
European population in West Africa (Senner et al. 2019,
Loonstra et al. 2020).

To date, no study has reported the absolute abundance of
godwits at any West African non-breeding area. The two
satellite tracking studies come closest to addressing this
question, showing proportional site use (Hooijmeijer et al.
2013, Verhoeven et al. 2021b). But even with this
persistent knowledge gap, one critical insight is that most
godwits use more than one site in West Africa during a
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single winter (mean 2.36 £ SD 1.00 sites, range 1-5;
Verhoeven et al. 2021b). This means that abundance
estimates from a single site at any given time would likely
be inadequate for inferring the population’s spatio-
temporal distribution in West Africa. Rather, future
research will need to take a more comprehensive approach
by gathering abundance data from all known sites in West
Africa throughout the non-breeding period.

Research gap 3: Improve understanding of the importance
of the Dofiana National and Natural Park area for godwits.
Advancement in this area of research includes two studies
by Marquez-Ferrando et al. (2014, 2018), which showed
that the Doflana National and Natural Park is an important
site for shorter and longer stopovers on both south- and
northward migration, that the area is used as a moulting
location by some individuals, and that godwits increasingly
use the area throughout the entire non-breeding period.
Those patterns were corroborated by tracking studies
(Hooijmeijer et al. 2013, Verhoeven et al. 2021b). The
tracking studies also confirmed previous research which
suggested that individual godwits make use of a broad
network of sites across France, Spain, Portugal, and
Morocco during both south- and northward migration
(Lourenco & Piersma 2008, Lourenco et al. 2010a, Masero
et al. 2011). Although the Donana National and Natural
Park area is one of the most frequented sites in this network
(Hooijmeijer et al. 2013, Verhoeven et al. 2021b), it remains
unclear whether certain sites are more important than
others, and how this may change over time. The Dofiana
National and Natural Park area has sustained extensive
ecological damage, including an ongoing drought resulting
from decades of water abstraction for agriculture and from
climate change. The area is consequently becoming more
and more unsuitable for wader species such as godwits;
these birds are attracted to wet landscapes including
wetlands and flooded rice fields, both of which are
disappearing (de Stefano et al. 2014, de Felipe et al. 2023,
Navedo et al. 2022, Vansteelant 2023).

Research gap 4: Explore the potential impact of hunting on
the godwit population, and work with hunting organi-
zations to develop better methods of recording accurate bag
statistics in France.

No studies have assessed the potential impact of hunting
on the godwit population. Opportunities to address this
question have been limited by a 2008 moratorium on the
hunting of godwits in France (Joyeux et al. 2022). It is
known that illegal hunting of godwits still takes place in
Europe and that hunting is relatively common at some West
African non-breeding sites (M.A. Verhoeven pers. obs., E.
van de Velde pers. comm., van der Kamp ef al. 2008), but
hunting is currently not thought to be a substantial factor
in godwit mortality overall (Kleijn et al. 2010a).

Research gap 5: Explore the impact of the increasing time-
lag between godwit arrival in the Netherlands and the
commencement of breeding, and the frequency of deferral
of breeding attempts.

There is no formal analysis showing an increasing gap

across years between arrival date in the Netherlands and
the onset of laying, but some godwits have a long interval
between arrival and laying (up to seven weeks; Lourenco
et al. 2011), which is puzzling given the seasonal declines
in breeding productivity (e.g. Kentie et al. 2018). No
studies have focused specifically on the lag itself, but it is
unlikely that the long pre-laying period results from an
energetic constraint given that the primary prey of
godwits, Lumbricus spp. earthworms, are sufficiently
available during this period (Verhoeven et al. 2022c).

Likewise, no studies have focused directly on how
frequently breeding is deferred. It is very difficult to study
this behaviour with traditional observational methods,
because any apparently deferring female may have already
lost her clutch or may have an undiscovered nest. A
geolocator study gathered information from 103 nesting
histories from 68 adult godwits; no females were observed
to defer a breeding attempt, although in one year two
males did not incubate (Verhoeven et al. 2020). Those
males may have been paired to a female that deferred
breeding that year, but it is also possible that a clutch was
lost before the male had the opportunity to incubate, or
that these were unpaired males. The current adult sex ratio
in southwest Fryslan, Netherlands is thought to be male-
biased; assuming that godwits remain socially
monogamous, this would lead to a surplus of males and
an increase in non-breeding males in breeding areas
(Loonstra et al. 2019).

Research gap 6: Improve understanding of the location,
timing and duration of use of passage sites in Europe and
Africa, and habitat use and diet within these sites.

The use of passage sites in Europe and Africa is best
illustrated by the two satellite tracking studies from godwits
that bred in the Netherlands (Hooijmeijer et al. 2013,
Verhoeven et al. 2021b). Verhoeven et al. (2021b)
summarized passage dates and lengths of stay for every
stopover site north of the Sahara used during migration.
Patterns were consistent with local studies in the Sado and
Tagus region in Portugal (Lourengo et al. 2010a, b) and the
Extremadura region in Spain (Masero et al. 2011).
However, these tracking studies followed a relatively small
number of individuals, and the population likely exhibits
more variation than was observed - especially given that
considerable variation has already been observed in other
contexts. For example, juveniles migrating for the first time
often migrate later than adults and are known to use sites
outside of the commonly observed migratory corridor of
adults (Verhoeven et al. 2022b, Loonstra et al. 2023).

There have been several detailed studies from the Iberian
Peninsula on habitat use and diet. Godwits have been
observed occupying rice fields, freshwater habitats, fish
farms, salt pans, and mudflats (Alves et al. 2010, Lopes et
al. 2013, Marquez-Ferrando et al. 2014, Santiago-Quesada
et al. 2014a). They have been observed foraging for rice
kernels (Lourengo et al. 2010b, Santiago-Quesada et al.
2014a) and roosting in rice fields, with roosting sites
selected based on proximity to suitable foraging sites
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(Santiago-Quesada et al. 2014b). Godwits have been
shown to forage on invertebrates such as the insect
Chironomus salinarius in salt pans (Estrella & Masero
2010, Santiago-Quesada et al. 2014a), and the bivalve
Scrobicularia plana and worm Hediste diversicolor on
mudflats (Moreira 1994). The stable isotope signature of
primary feathers of godwits caught in the rice fields of
Extremadura indicated that males and females were
segregated by habitat salinity during their moult, with the
females mostly occupying freshwater wetlands, and males
mostly saline wetlands (Masero et al. 2017). Finally, limosa
and islandica subspecies were shown to overlap in the rice
fields and mudflats of the Tagus estuary in Portugal and
the rice fields of the Extremadura region in Spain (Alves
et al. 2010, Lopes et al. 2013).

CURRENT SITUATION: INSUFFICIENT
PRODUCTIVITY

Change of focus

We have continued to improve our knowledge of the
godwit population, including significant progress in filling
research gaps identified in 2007. Low reproductive success
was considered in 2007 to be the most likely cause of the
population decline in godwits, and the current available
evidence now points even more clearly to this being the
key behind the ongoing decline (Schekkerman et al. 2008,
Roodbergen et al. 2012, Kentie et al. 2013, Loonstra et al.
2019, Verhoeven et al. 2021a, Loonstra et al. 2024).
However, our understanding has evolved since the 2007
workshop. Previously, factors operating outside the
breeding season - i.e. those that potentially limit adult
condition and survival - were considered to be possible
additional drivers of the decline (Gill et al. 2007), and four
of the six research gaps of 2007 aimed to learn more about
non-breeding season ecology. Gaining a better
understanding of non-breeding season ecology and
potential population drivers, as well as countering ongoing
threats to key non-breeding sites (Alves & Dias 2020,
Vansteelant 2023), remains critical for maintaining the
integrity of the East Atlantic flyway as a whole. But to
combat the decline itself, a change in focus is clearly
needed: insufficient productivity is the overriding driver,
so finding ways to improve reproductive success must be
the primary focus of future conservation science.

Agricultural intensification

Agricultural intensification has been progressing
throughout the godwit population decline. Initially driven
by concerns about food security after the Second World
War, ongoing intensification has caused a widespread shift
in grassland habitat type from herb-rich wet meadows to
drained grassland monocultures managed for industri-
alised dairy farming - monocultures that are characterised
by high artificial fertilizer input, and earlier and more
frequent mowing for hay and silage (Kleijn et al. 2010b,
Groen et al. 2012). Multiple studies have shown godwit

reproductive output to be substantially lower on
intensively managed grassland monocultures compared to
lower intensity herb-rich grasslands (Kentie et al. 2015,
Kentie et al. 2018, Loonstra et al. 2019).

The timing of agricultural grassland mowing has advanced
considerably in the Netherlands since the mid-1900s.
Currently, mowing of intensively managed grasslands
begins in the first half of May, during the peak incubation
period of godwits (Kleijn et al. 2010b), whereas a hundred
years ago, mowing occurred late enough in the season that
it likely did not overlap with the godwit breeding season
at all (Kleijn et al. 2010b, Schroeder et al. 2012). Earlier
mowing results in lowered reproductive success through
direct destruction of clutches and chicks (Kruk et al. 1996,
1997), indirect effects on nest and chick survival due
to increased predation risk to nests (Kentie et al. 2015)
and chicks (Schekkerman et al. 2009), and reduced
availability of food resources for chicks (Schekkerman &
Beintema 2007). The warming climate is likely to result in
even earlier mowing dates and stronger negative
impacts (Kentie ef al. 2018). Although godwits show a
selective preference for grasslands with relatively low,
or intermediate-intensity land use, a large proportion
continue to breed on the intensively managed land that
now dominates the agricultural grassland landscape
(Kentie et al. 2014, Howison et al. 2018, Silva-Monteiro et
al. 2021). For all of these reasons, this habitat is acting as
a population sink (Groen et al. 2012, Kentie et al. 2018).

Nest and chick predation

Other factors that limit godwit reproductive success are
high rates of nest and chick predation (Schekkerman et al.
2009, Roodbergen et al. 2012, Verhoeven et al. 2021a,
Loonstra et al. 2024). Most nest and chick losses observed
in studies across the Netherlands in the early 2000s
resulted from predation (Teunissen et al. 2008,
Schekkerman et al. 2009). A similar pattern is seen in
other wader species, with unsustainably high levels of nest
and chick predation limiting populations and preventing
population recovery (Roos et al. 2018). Predation pressure
has increased due to both increased predator densities and
the increased vulnerability of godwit nests and chicks to
predation in lower-quality habitats (Teunissen et al. 2008,
Schekkerman et al. 2009, Kentie et al. 2015).

Two main reasons for increased predation rates are
increased abundance and expanding distributions of
generalist predators (Schekkerman et al. 2009, Verhoeven
et al. 2021a). The reasons for population increases in
predators are not fully understood, but some represent a
rebound following a reduction in human persecution
(Schekkerman et al. 2009, Roos et al. 2018) and the decline
or absence of apex predators, which also disrupts the
normal population regulation of meso-predators (Ritchie
& Johnson 2009, Roos et al. 2018). A variety of native and
non-native  predators negatively impact godwit
reproduction (Teunissen et al. 2008, Niemczynowicz et al.
2017, Salewski & Schmidt 2020). Past studies have shown
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that godwit nests are predated predominantly by mammals,
while chicks are predated predominantly by birds, but there
is a high degree of spatial and seasonal variation in
predation rates and predator species (Teunissen et al. 2008,
Schekkerman et al. 2009). For example, a recent report
found that in one region of the Netherlands, a mammal
(Beech Marten Martes foina) rather than a bird was the
predominant predator of godwit chicks (Jonge Poerink et
al. 2020). Such variation in time and space makes reducing
high predation rates a complex challenge.

Not only have predation rates generally increased, but the
impact of predation is also linked to the observed changes
in agricultural land-use intensity. Both nest and chick
predation rates are higher on grasslands that are
intensively managed compared to those managed with less
intensity (Schekkerman et al. 2009, Kentie et al. 2015).
Nests in intensively managed grasslands are potentially
more vulnerable to predators because they may be more
conspicuous, and predators may have fewer alternative
prey options (Laidlaw et al. 2013). In addition, chicks are
more vulnerable to predation in intensively managed
grasslands due to the lack of cover after mowing and lower
food availability (Schekkerman & Beintema 2007,
Schekkerman et al. 2009).

Densities of breeding godwits (and other waders) are also
lower on intensively managed grasslands (Groen et al.
2012, Howison et al. 2018, Silva-Monteiro et al. 2021). This
may make both nests and chicks more vulnerable to
predation as the communal mobbing of predators is less
effective at low densities (Wilde et al. 2022). The
agricultural landscape is now characterised by low-quality
breeding habitat and lower densities of godwits and other
waders; the resulting habitat fragmentation simulta-
neously causes isolation of breeding sites and creates
honey-pot areas that attract higher densities of predators.

Combined, these changes now appear to have tipped the
balance in favour of generalist meso-predators and against
productive wader populations (Laidlaw et al. 2021).

The need for sustainable long-term solutions

In recent decades, considerable effort and cost have been
invested in attempting to address low reproductive success
among godwits breeding on agricultural grasslands (Kleijn
et al. 2010b), including through agri-environment
schemes and predator management tools. However,
conservation actions have so far failed to reverse or even
halt the population decline (Kentie et al. 2016).

Agri-environment schemes have included delaying mowing
or leaving unmown patches around nests, with payments
given per protected clutch, while keeping other farming
practices unchanged (Verhulst ef al. 2007, Groen et al. 2012,
Kentie et al. 2015). Godwit nest survival is higher in unmown
fields and larger unmown patches compared with smaller
unmown patches (Kentie et al. 2015), and there is evidence
that reduced mowing, reduced agro-chemical inputs, and the
creation of wetter conditions all have positive impacts on
godwits (Franks et al. 2018). Nevertheless, such agri-
environment schemes have failed to arrest the population
decline, likely because at the limited scales at which they are
deployed, these schemes neither sufficiently improve
breeding conditions nor adequately address the complex and
intertwined aspects of habitat quality, including invertebrate
availability, the openness and accessibility of swards for chick
foraging, and groundwater levels (Kleijn ef al. 2010b).

There is evidence that some conservation interventions
aimed at reducing nest and chick predation pressure may
raise godwit reproductive success. These include the use of
predator-exclusion electric fencing (Verhoeven et al.
2022a) and lethal predator control (Niemczynowicz et al.

Table 2. A list of questions that address the lack of mechanistic understanding identified at the 2022 workshop along
with a description of how such knowledge would contribute to godwit conservation.

Question

Conservation goal

How do godwits determine where to breed?

Attract godwits to areas where productivity is high and improvements
through management can be made.

How do godwits decide when to lay eggs?

Manage areas such that godwits lay earlier, i.e. when productivity
is higher.

Why do chick growth and chick survival decline seasonally?

Manage chick-rearing areas such that growth and survival do not
decline; will require studying chick diet, habitat, predation (see below)
and their interactions.

Why does nest predation vary?

Manage areas to minimize predation on godwit nests; will require
studying the ecology of predator-prey interactions.

Why does chick predation vary?

Manage areas to minimize chick predation; will require studying the
ecology of predator-prey interactions.

What determines the use of stopover sites?

Manage stopover sites for godwits, and attract godwits to areas where
they are protected from hunting and other factors that have a likely
fitness consequence.
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2017, Loonstra et al. 2024). Headstarting (releasing
juveniles that were hatched and raised in captivity to avoid
agricultural activities and predation) is also likely to have
a positive impact on godwit reproductive success.
However, such interventions require an unsustainable level
of effort; they can only be implemented at relatively small
spatial scales, e.g. on nature reserves, and only safeguard
small or local populations for short periods of time. Thus,
there is a clear need to develop new conservation
interventions aimed at increasing breeding productivity
and designed to function at larger landscape scales without
being dependent in the long term on highly intensive local
management (Laidlaw et al. 2021).

NEW RESEARCH PRIORITIES

To ensure godwit populations become stable and self-
sustaining, we need to develop new approaches that
achieve sufficient breeding productivity. There is a clear
need for these efforts to fit into a larger societal picture -
one that includes a sustainable future for both farmers and
godwits. We therefore recommend that new restorative
approaches to godwit conservation be co-developed by
multiple stakeholders to achieve shared, positive, climate-
proof outcomes. In parallel, the lack of mechanistic
understanding of most observed patterns relevant to
godwit conservation must be addressed. The primary
conclusion of the 2022 workshop is that these persistent
knowledge gaps constrain efforts to design effective
interventions to recover the population, and hinder the
development and implementation of holistic conservation
approaches. Here we highlight the key observed patterns
for which we currently lack a mechanistic understanding,
and how filling these knowledge gaps could advance
godwit breeding productivity (Table 2).

One priority is to investigate how and why godwits
choose their breeding areas. Currently, many godwits still
breed in areas of low breeding productivity. Moreover,
even when young godwits successfully fledge from one
area, many still recruit into areas of lower productivity
(Kentie et al. 2014). Key research questions are:

e How can godwits be attracted to breeding areas with
high productivity?

e What determines natal and interannual breeding
dispersal across different contexts (e.g. social, spatial),
and how can a large network of breeding sites be best
distributed, designed, and managed to reduce dispersal
to locations where breeding productivity is too low to
maintain a stable population?

In parallel, we must also investigate the timing and cues
of egg laying. Research across multiple populations
consistently shows that chick productivity is higher when
laying dates are earlier — but godwit laying cues are
unknown, as are any potential constraints to early laying
(e.g. macronutrients, vegetation phenology, or perceived
predation risk). Key research questions are:

e What are the environmental and behavioural cues to
egg laying?

e Are there resource or behavioural constraints to early
laying?

e Could habitat or predator management enable godwits
to lay earlier?

A concurrent priority is to understand and mitigate the
seasonal decreases in chick growth and chick survival by
learning how to improve chick-rearing habitat—
determining how to ensure both food availability and
adequate habitat for chicks, from hatching to fledging. The
current seasonal decreases suggest that these elements
(food, habitat, or both) are not consistently adequate
across the season. Key research questions are:

e How does godwit chick diet vary by season and habitat?

e What are the optimal and threshold intake rates and
foraging home ranges?

e What environmental variables (e.g. vegetation height,
sward openness, groundwater level) determine the
spatio-temporal availability of key food?

Predation is another intertwined element that greatly
affects godwit productivity. Minimising the impact of
predators on nests and chicks would be especially
beneficial for population stability. Designing management
solutions requires a much better understanding of the
factors that determine predator impact, including when
and why predators are present, with the aim of
understanding how to minimize spatial and temporal
overlap between predators and breeding godwits. Key
research questions are:

e What are the population dynamics of relevant godwit
predators (e.g. their reproduction, survival, bottlenecks,
and carrying capacity)?

e What is the seasonal distribution, density, and diet of
predators?

e How can godwit breeding habitat be managed to
diminish or eliminate the carrying capacity for godwit
predators?

For each of these key research questions, we need to (1)
obtain a mechanistic understanding of the factors that
shape godwit productivity and (2) use this knowledge to
manage the landscape such that godwit productivity
increases to levels that sustain a viable population. Both
steps will need considerable research investment and an
experimental approach. The first step requires
establishing the relationships between the environment
and godwit productivity, using experiments that isolate
the effects of different environmental variables. In the
second step, leveraging these newly identified
mechanisms to favour godwits requires the design and
evaluation of interventions that manage both breeding
and chick-rearing habitat, with experiments that isolate
the effects of management activities (e.g. grazing, cutting,
flooding) on relevant environmental variables (e.g.
vegetation height, hydrology).
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Ecology is often context-specific, so relationships and
responses between environmental factors and godwit
productivity will not necessarily be the same across
locations or years (Silva-Monteiro et al. 2022, 2023).
Consequently, different solutions may be needed when
designing management interventions, with an
understanding that some may also be context- (e.g. site-)
specific, and that the changing climate must be accounted
for. Consideration of scale is also vital for understanding
mechanisms and finding conservation solutions,
especially to elucidate predator-prey dynamics, responses
to environmental variables, or dispersal behaviour, which
can all differ with scale. Management strategies can be
highly effective at small scales - yet they can still be
inadequate to attain resilient and self-sustaining
populations if landscape-scale understanding and
solutions are required. Our task is to find evidence-based
management strategies and interventions, and to identify
the scales at which they need to be applied. This will
require an approach across larger scales than has
previously been attempted.

Emerging threats

As we advocate for a refreshed research agenda to help
improve breeding productivity, we must also maintain the
status quo along the flyway - including anticipating and
addressing emerging threats, many of which are new
versions of old problems. Here, we highlight threats the
godwit population could face in the coming years and
discuss new avenues that can aid godwit research.

Key locations along the flyway will continue to be
vulnerable to large-scale development or land-use change,
such as from the proposed airport on the Tagus Estuary
in Portugal (Catry et al. 2022, Nightingale et al. 2023).
Some important godwit sites, including protected sites,
remain vulnerable to repeated development attempts for
large infrastructure projects. For example, energy infras-
tructure projects such as tidal barrage schemes have been
largely unrealized threats to wader populations for
decades, but they are becoming increasingly economically
and politically viable as, with increasing global
uncertainties and net-zero energy targets, nations strive
for self-sufficient and cleaner energy (IPCC 2023).

Migratory stopover areas are also threatened by other
significant changes in land use and the intensity of land
management. For example, water extraction, especially for
agriculture, has lowered water tables and contributed to
the drying of important stopover areas in Spain and
Portugal, which may soon drop below thresholds of
suitability for godwits (Navedo et al. 2022). Rice fields on
the Iberian Peninsula and in West Africa are important
godwit foraging and roosting sites, and changes to rice
farming practises could also have significant consequences
for the godwit population (Louren¢o & Piersma 2008, de
Stefano et al. 2014). Large-scale changes in land use and
climate can alter migration timing, routes, and the
frequency and duration of stopover site use, with

consequences to population distribution, breeding
phenology, and vital rates (Gill et al. 2019). Adult godwits
are highly site-faithful, and changes to godwit distri-
butions and migration patterns largely arise through
juvenile dispersal (Verhoeven et al. 2018). Therefore,
knowledge of demographic rates, dispersal and migration
can be used to model the consequences of land-use
scenarios on godwit populations (see also Table 2).

The global spread of Highly Pathogenic Avian Influenza
(HPAI) is having huge impacts on bird populations (e.g.
Knief et al. 2024), including waders, and poses a real risk
to godwits across the flyway. The emergence of new HPAI
strains could have immediate and potentially catastrophic
effects, given that current mitigation options are limited
to minimising spread between captive and wild birds. We
currently have a poor understanding of HPAI disease
transmission risk, susceptibility and immunity in wild
bird populations, as well as short- and long-term
demographic and population consequences of disease
outbreaks in general. If godwits were affected in large
numbers, easy access to existing godwit demographic
data could be important for making rapid assessments
and advocating interventions.

Introduced species continue to be a threat, as these can
significantly alter food webs, habitats and predator-prey
dynamics, and the establishment of new invasive non-
native species in areas used by godwits could also disrupt
food availability, breeding habitat, or water quality
(Manchester & Bullock 2000). Newly introduced predator
species can also have serious direct impacts, for example
on wader productivity (Jackson 2001).

Threats that are less explored, but no less serious, include
the consequences of pesticides (e.g. the impact of
insecticides on insectivorous birds such as godwit chicks;
Hallmann et al. 2014, Li et al. 2020), legacy and emerging
contaminants (Pandiyan et al. 2020, Movalli et al. 2023),
and light pollution (Davies et al. 2014).

Emerging advances

Ongoing and long-term monitoring is vital to anticipate,
identify and address future threats, and to assess the
effectiveness of conservation interventions. Monitoring is
most useful when standardised information is collected
across populations and made readily available. Many
population sizes are already well-monitored, but there is
scope to improve the collation of and access to demographic
data, both to better enable assessments (e.g. of differences
between populations in survival and responses to disease
outbreaks) and to avoid unnecessary duplication. To help
achieve this, both monitoring and research datasets should
adopt FAIR principals - Findability, Accessibility, Interop-
erability, and Reusability. Greater use can be made of data
repositories such as MoveBank (Kays et al. 2022) and the
Global Wader Tracking Data Project (Nightingale 2023, for
tracking data) to improve and increase the power of studies
related to movement and migration, as well as SPI-Birds
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(Culina et al. 2021) for individual-based studies, and
metadata repositories such as AviSample (Brlik et al. 2022)
to make biological samples from multiple populations
available for research. A common barrier to furthering
species conservation is limited spatial replication of conser-
vation interventions, which is required to robustly assess
their effectiveness. Two recent godwit studies illustrate the
value of including multiple sites when designing and
evaluating conservation interventions (Verhoeven et al.
2022a, Silva-Monteiro et al. 2023).

Technological and analytical advances present new
opportunities, especially in developing a better
mechanistic understanding of the relationships between
environmental factors and the patterns observed in the
godwit population. Simultaneous and long-term multi-
species tracking studies carried out across large but
defined areas such as reserves or estuaries, using systems
such as ATLAS, are well-suited to studying waders and
their predators (Bijleveld et al. 2022). Bio-loggers will
become increasingly longer lived, lighter, smaller and
multi-sensored, enabling researchers to follow individuals
over a lifetime - thereby providing insight into how
individuals respond to both abrupt and long-term changes
in sites and conditions, as well as identifying changes in
migration timing and routes, physiology, and locations of
mortality. At the same time, long-term datasets of high-
resolution satellite imagery are becoming more readily
available, as are remote-sensing analysis tools that enable
landscape monitoring on a flyway scale (Murray et al.
2019). Further advances in DNA sequencing will improve
diet and predator studies (Verkuil et al. 2022), while
analytical advances in social network methods provide
opportunities to examine godwit social behaviour in
relation to e.g. site use, breeding and migratory behaviour
(Farine 2024). Impacted survival rates are the most
frequent consequence of threats, and long-term godwit
studies (such as those using colour-marking) can provide
the level of data required for assessing survival changes;
this means that analytical advances in Integrated
Population Models provide increasingly powerful tools to
model multi-population dynamics and their key drivers
(Schaub & Abadi 2011, Plard et al. 2019). Growing themes
of research can address current and future questions, such
as quantifying the role of visual cues and camouflage
alongside habitat and environmental cues in site-
settlement decisions in relation to predation risk
(Troscianko et al. 2016).

Closing remarks

Conservation involves making trade-offs with other
societal desires, such as continuing to intensify
agriculture. As a result, some proposed approaches will
be difficult to implement, regardless of their importance
in helping the godwit population recover. Yet at the same
time, some approaches for conserving godwits might
align with desired societal changes, such as reducing
groundwater pollutants. In either case, our responsibility
is to understand the observed patterns and to design and

test interventions. The more fully we understand what
changes are required and how to deliver them, the more
fully conservation and restoration approaches can be
incorporated into a larger societal picture - and the more
effective they will be.
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