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INTRODUCTION 

A better understanding of the causes for population declines 
can lead to more effective conservation strategies aimed at 
stopping them (Sutherland et al. 2004). Population declines 
are often first discovered through long-term monitoring 
(Potts 1986, van Strien et al. 2001, Gregory et al. 2005). 
When declines become apparent, researchers begin mea-
suring demographic parameters (e.g., rates of adult survival, 
reproductive success and dispersal) to help diagnose why 
the population might be declining (Green 1995, Bro et al. 

2000). This is often accompanied or followed by measuring 
environmental variables that are potentially related to 
these demographic parameters (Rands 1986, Potts & Aebis-
cher 1995). When a meaningful correlation is found 
between demographic parameters and environmental vari-
ables, researchers can experimentally manipulate and verify 
the relationship (Thomas et al. 1992, Tapper et al. 1996). 
In doing so, researchers generate a set of evidence-based 
conservation interventions to guide policy and practice 
(Sutherland et al. 2004, Ewald et al. 2010). 
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During the last 50 years, the breeding population of Continental Black-tailed 
Godwits Limosa limosa limosa in the United Kingdom has been relatively small 
(below 60 pairs) and largely concentrated in two locations in eastern England. 
There were severe declines at the Ouse Washes during the 1990s due to increased 
spring flooding. In the following years, there were increases at the nearby Nene 
Washes. However, since 2006, the population at the Nene Washes has been 
declining – from 48 pairs in 2006 to 37 pairs in 2014. With ~85% of the UK 
population relying on the Nene Washes, it is important to diagnose the cause of 
this decline. We do this by comparing adult, nest and chick survival estimates 
across two time periods when research projects were active: the ‘early’ period 
(1999–2003) when the population was rapidly increasing, and the ‘contemporary’ 
period (2015–2019), during the population decline. We found no clear difference 
in annual apparent adult survival rates between the two periods. However, both 
nest and chick survival were lower in the contemporary period (nest survival by 
31–41% depending on lay date; chick survival by 59–72% depending on hatch 
date). We show that 61 of 63 Nene-hatched chicks known to have recruited did 
so back into the Nene Washes population. The recent decline is therefore not the 
result of changes in adult mortality or breeding dispersal, but insufficient 
breeding productivity leading to insufficient recruitment into the natal population. 
The decrease in nest survival in the contemporary period results from an increase 
in predation pressure, as only one nest was flooded and none were destroyed by 
agricultural activities. We discuss why predation pressure might have increased 
and whether this could also explain the observed change in chick survival. We 
go on to recommend research and management efforts that should be undertaken 
to stop further declines of this population in the short- and long-term.



The population of Continental Black-tailed Godwits (here-
after godwits) breeding in the United Kingdom has been 
monitored since 1975. Since then, the number of breeding 
godwits in the UK has always been relatively low (<60 
pairs) and largely concentrated in the Ouse and Nene 
Washes in eastern England (Fig. 1). In 1992, following 
multiple years of spring flooding at the Ouse Washes, the 
UK population declined to only 19 pairs (Fig. 1; Ratcliffe 
et al. 2005). Following a steady increase of godwits at the 
nearby Nene Washes, the UK population recovered to 53 
pairs by 2006 but has been slowly declining since then. In 
2014, 37 pairs were recorded on the Nene Washes out of 
a UK total of only 44 (Fig. 1).  

Similar declines in numbers of breeding godwits have 
been observed throughout the European range of this 
species (Gill et al. 2007). Thus far, explanations for these 
declines include more frequent mowing, increased predation 
pressure and habitat loss (Gill et al. 2007). In The Nether-
lands, where approximately 87% of the godwits in the 
East Atlantic Flyway breed, the population has declined 
from 120,000 breeding pairs in 1967 to 33,000 in 2015 
(Kentie et al. 2016). During this decline, adult survival in 
The Netherlands has remained constant (Roodbergen et 
al. 2008, Kentie et al. 2016), whereas reproductive success 
has declined to such a degree that it can no longer 
maintain a stable population (Beintema & Müskens 1987, 
Kruk et al. 1996, 1997, Schekkerman et al. 2008, Kentie et 
al. 2018). This reproductive decline has been attributed 
largely to the direct and indirect effects of earlier and 
more frequent mowing of grasslands (Kruk et al. 1996, 

1997, Schekkerman et al. 2008, Kleijn et al. 2010, Kentie 
et al. 2015). 

In this study, we aim to diagnose the recent decline in the 
godwit population at the Nene Washes, which comprises 
~85% of all UK-breeding godwits. We do this by comparing 
adult survival, nest survival and chick survival estimates 
across two different research-active time-periods: the 
‘early’ period (1999–2003), during which the Nene Washes 
population increased from 18 to 32 pairs, and the ‘con-
temporary’ period (2015–2019), during which the same 
population decreased from 46 pairs in 2015 to 42 in 2016 
and 35 in 2017 (Fig. 1). We also evaluate the degree of 
natal and breeding dispersal of the godwit population at 
the Nene Washes. Our findings will form a basis for 
future research and management efforts to prevent the 
further decline of the UK population. 

METHODS 

Study system 

The Nene Washes (52.58°N, 0.08°W) is a 1,400-ha flood 
storage reservoir that is used during peak river flows to 
divert water from the River Nene onto the surrounding 
fields for temporary storage. Here, high densities of 
breeding waders occur on the 308-ha ‘Low Wash’, of 
which 260 ha are managed by the Royal Society for the 
Protection of Birds specifically for the benefit of breeding 
waders and other wetland birds. Grazing and mowing 
are conducted late in the year and not in fields with 
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Fig. 1. UK godwit population size and distribution 1975–2017. Data from multiple sources; Nene and Ouse Washes 
extracted from reserves’ annual monitoring data. Actual breeding sites for the south-east, south-west and north-west 
are not identified due to the species’ rarity, but data were supplied by site managers.



nesting godwits to minimize trampling and mechanical 
destruction of wader nests and chicks, and high water 
levels and shallow pools are maintained throughout the 
breeding season. 

Study species 

Godwits are medium-sized migratory waders that live to 
six years old on average (Kentie et al. 2016). They show a 
high degree of natal philopatry and breeding site-fidelity 
(Kentie et al. 2014). Godwits lay their clutch, usually 
consisting of four eggs, in a shallow nest cup on the 
ground (Haverschmidt 1963, Verhoeven et al. 2019). 
Godwit chicks are precocial and mostly glean arthropods 
from the vegetation during the first weeks of life (Schekker-
man & Boele 2009). 

Data collection 

We intensively monitored the godwit population breeding 
on the Low Wash during two periods: ‘early’ (1999–2003; 
data published previously in Ratcliffe et al. 2005) and 
‘contemporary’ (2015–2019). Starting in mid-March each 
year, we searched for adult godwits in the study area, 
including individuals that had been uniquely colour-
ringed in previous years. From early April, we located 
nests by searching in fields where godwits showed nesting 
behaviour and by observing off-duty or disturbed birds 
returning to incubate. Upon finding a nest, we measured 
to the nearest 0.1 mm the length and breadth of each egg 
in the clutch, and weighed them to the nearest 0.1 g to 
estimate the number of days to hatching using nomograms 
from Green (1984) adapted to include more godwit nests 
of known hatch date (updated equation: 248,364 x (weight 
/ (length x (breadth2))) – 104; JS unpubl. data). We then 
checked nests every 3–5 d to monitor their fate. In the 
contemporary period, we also logged the exact location 
of each nest by GPS, and placed an iButton temperature 
logger (1-wire thermochron DS1921; Maxim Integrated 
Products Ltd, CA, USA) into each nest by gluing the 
logger to a nail, camouflaging it with tape, and anchoring 
the nail in the middle of the nest. These loggers recorded 
the nest temperature every 10 min and enabled us to 
determine the exact day and time of nest failure. During 
the contemporary period, 2015–2019, we captured on 
the nest a subset of the incubating adults in the 24-hr 
period before the nests hatched, and fitted these birds 
with a uniquely numbered metal ring and an individu-
ally-recognizable colour-ring combination. 
During both periods, we fitted chicks with a numbered 
metal ring at hatching. In the early period, we also gave 
chicks a unique colour-ring combination using 7-mm-
tall colour-rings at hatch; we did not do this in the con-
temporary period because the legs of recently hatched 
chicks were not long enough for the 14-mm-tall colour-
rings we used during that period. In the contemporary 
period, chicks were therefore only colour-ringed if they 
were recaptured at ≥10 d old. In 87 of the 90 broods 
followed in the early period and in 20 of the 25 broods 
followed in the contemporary period, we also fitted one 
or more chicks with a radio-transmitter. In the early 

period, we used 0.5-g radio-transmitters from either 
Holohil (Ontario, Canada) or Biotrack (Wareham, UK); 
these tags had an expected battery life of 21 d (Holohil) 
or 27 d (Biotrack). In the contemporary period, we used 
0.4-g and 0.6-g transmitters from Perdix Wildlife Supplies 
(Kenilworth, UK); these had an expected battery life of 
21 and 38 d, respectively. We used Ethyl-2-Cyanoacrylate 
super glue (Loctite) to attach the transmitter to a piece of 
gauze and subsequently secured the gauze to the down 
over the chick’s synsacrum and pelvic girdle with latex-
based glue (Copydex). We then located broods every 1–3 
d using a radio-receiver and by resighting the colour 
combinations of marked parents; we occasionally recaptured 
one or more chicks of a brood. Although nest and chick 
monitoring in the early period ended after the 2003 
breeding season, regular resightings were also performed 
in 2004. 

Adult survival analysis 

We used Cormack-Jolly-Seber models to estimate period-
specific apparent adult survival estimates over one-year 
time intervals (Cormack 1964, Jolly 1965, Seber 1965). 
We summarised all observations of an individual within 
a year to create an annual encounter history (1 = seen 
that calendar year, 0 = not seen that calendar year) for 
each individual. Because all godwits were marked as 
chicks during the early period and because the post-
fledging survival of juvenile godwits is lower than that of 
adults (Loonstra et al. 2019), we only estimated the 
survival of adults ringed as chicks for the years after they 
had returned to the breeding grounds for the first time, 
thus excluding survival over the first, non-breeding year(s) 
of life. We first marked chicks in 1999, and our mark-
recapture data for the early period therefore includes 
2000–2004 (n = 42 individuals). Our mark-recapture 
data for the contemporary period also covers five years of 
resightings (2015–2019), and includes: (1) sightings of 
individuals that had been marked as chicks in the early 
period and were still alive in the contemporary period (n 
= 16), (2) adults marked in 2015, 2016 and 2017 (n = 18), 
and (3) any chicks that were marked in the contemporary 
period and returned as adults (n = 1).  

Using the package RMark (v. 2.2.7; Laake 2013), we con-
structed and compared models of apparent adult survival 
for which survival and resighting probability did and did 
not differ among the early and contemporary periods 
(Table 1). We also included ring height (short or tall) as a 
grouping variable for the resighting probability (Table 1), 
since godwit resighting probability is known to vary 
among ring types (Kentie et al. 2014, Loonstra et al. 
2019). We did not include sex as a covariate for the 
resighting probability because this characteristic was 
unknown for many individuals. Nor did we include an 
effect of year on resighting probability, because we had 
almost no sightings from the years between the two study 
periods. Not allowing for differences in resighting proba-
bilities among sexes and years could have biased our esti-
mates of survival. However, the main observers (authors 
SS and MW) were the same in all years, and we do 
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include an effect of period on the resighting probability. 
Furthermore, the resighting probability was high (see 
Results), took place across a small area, and involved a 
small number of birds; we are therefore confident that 
our resighting probability did not differ among sexes and 
years and thus that our comparison among periods is 
meaningful. 

The goodness-of-fit for the global model, which included 
an effect of period on survival and of period and ring 
height on resighting probability, was assessed using the 
median c-hat test (100 iterations) in Program MARK (v. 
9.0; White & Burnham 1999). Because the data were 
slightly overdispersed (ĉ = 1.14 ± 0.01), we used QAICc 
(Akaike’s Information Criterion, corrected for overdis-
persion and small sample size) to interpret and evaluate 
the apparent adult survival models (Burnham & Anderson 
2002). We considered the model with the lowest QAICc 
value and without uninformative parameters to be the 
best model, while models within 2 QAICc units of the 
best model and without uninformative parameters were 
considered competitive (Burnham & Anderson 2002, 
Arnold 2010). We also adjusted the confidence intervals 
for overdispersion. All parameter estimates are given as a 
mean with 95% confidence-intervals in parentheses 
throughout. 

Nest survival analysis 

In evaluating nest survival, we used all data collected 
during the early period (1999–2003), but only data collected 
during 2015 and 2016 in the contemporary period. This 
was because from 2017 onwards, we experimented with 

predator exclusion fences at the study site. Since it is likely 
that successful and unsuccessful nests have unequal prob-
abilities of being found (Mayfield 1961, Verhoeven et al. 
2020), we used Program MARK, through the RMark inter-
face, to estimate daily survival rates of nests instead of 
reporting the observed proportion of successful and unsuc-
cessful nests. We used MARK to evaluate whether nest 
survival was constant or varied between the early and 
contemporary period. Following the recommendations by 
Dinsmore et al. (2002) we also fitted a linear and quadratic 
time-trend and added nest-age effects (Table 2). To 
determine the age of a nest upon discovery, we established 
the laying date of the first egg. For nests found in the 
laying phase, we calculated the laying date of the first egg 
by assuming that godwits lay on average one egg per day 
(Haverschmidt 1963). For hatched nests, we assumed the 
first egg was laid 25 d prior to hatch (the combined average 
laying and incubation period; Haverschmidt 1963, Verhoeven 
et al. 2020). For nests that were not found in the laying 
phase and did not hatch, we estimated when the first egg 
was laid by calculating the predicted hatch date using the 
updated equations from Green (1984) and back-calculated 
to estimate first egg date. 

Our nest survival data for the early period was originally 
assembled by Ratcliffe et al. (2005) to analyse nest survival 
using the Mayfield method. Because of this, the only nest 
information available to us was discovery date, incubation 
stage at discovery, fate, and exposure days (number of 
days a nest was exposed to potential failure). The dates 
on which nests were last known to be present or were 
discovered to have failed or hatched, data which are 
required for an analysis in MARK, were not stored in the 
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Table 1. Models comparing apparent adult survival for which survival and resighting probability did and did not differ 
among the early and contemporary periods. We also included ring height (short or tall) as a grouping variable for the 
resighting probability. Models were adjusted for overdispersion (ĉ = 1.14 ± 0.01). The best model is in bold; the two 
competing models are in italics. The other models within 2 QAICc units aren’t competitive because they include 
uninformative parameters. 

Model k LogL QAICc ΔQAICc Weight ΦEarly ΦContemporary

ΦConstant PConstant 2 -108.68 194.74 0 0.23 0.88 (0.80–0.93) same

ΦConstant PPeriod + Ring height 4 -106.57 195.23 0.51 0.18 0.88 (0.79–0.93) same

ΦConstant PRing height 3 -108.04 195.70 0.96 0.14 0.89 (0.81–0.93) same

ΦConstant PPeriod + Ring height 5 -105.68 195.80 1.06 0.14 0.81 (0.67–0.90) 0.90 (0.81–0.95)

ΦPeriod PConstant 3 -108.43 196.39 1.65 0.10 0.85 (0.71–0.93) 0.89 (0.80–0.94)

ΦConstant PPeriod 3 -108.52 196.54 1.80 0.09 0.87 (0.79–0.92) same

ΦPeriod PPeriod 4 -107.77 197.33 2.59 0.06 0.81 (0.67–0.90) 0.90 (0.81–0.95)

ΦPeriod PRing height 4 -107.99 197.71 2.97 0.05 0.87 (0.70–0.95) 0.89 (0.80–0.94)
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database. For early period nests that hatched (79%; n = 
118), we were able to back-calculate these dates because 
the number of exposure days had been calculated as the 
time between discovery and hatching. Date of last known 
presence and date that hatching was discovered are both 
the same as hatching date, so dates on which these nests 
were last known to be present are therefore discovery 
date plus the number of exposure days. 

For early-period nests that failed (21%; n = 118), it was 
more complicated to back-calculate laying dates. Nests 
were checked every 3–5 d, and exposure days for failed 
nests were originally estimated by taking the number of 
days the nest was known to be present and adding half of 
the interval between the date of last known presence and 
the date on which failure was discovered (see Ratcliffe et 
al. 2005). For this study, we therefore had to determine 
the missing dates by using the number of exposure days 
and making an assumption about the length of that last 
interval, then combining that information with the 
discovery date. Most failed nest records (68%; n = 25) 
had exposure days that were an integer. The last interval 
in these cases must have been an even number; since nest 
checks occurred every 3–5 d, we assumed the last interval 
was four days and determined the missing dates accordingly. 
For eight nests, however, the number of exposure days 
was a multiple of 0.5, meaning the last interval must have 
been either three or five days. For example, a nest record 
with 5.5 exposure days could have had either (1) four 
days of known presence plus a three-day last interval, or 
(2) three days of known presence plus a five-day last 
interval. In these cases, we assumed a last interval of five 
days to avoid introducing potentially unwarranted precision 
into our estimates of daily nest survival. This assumption 
does not affect our conclusions; had we assumed a three-
day last interval instead, the nest survival estimate for the 
early period would have been more precise and the differ-
ences between periods (see Results) would have been 
even larger (MV unpubl. data). 

In our analysis, we scaled the nesting phase across years 
such that the first lay date in a given year corresponded 
to the first day of the nesting phase. We excluded five 
nests from this analysis, four where the laying date was 
unknown because the nest was depredated before we 
returned to measure the eggs and a fifth which was the 
only nest to be deserted after a catching attempt. Our 
final dataset consisted of 118 early-period and 91 con-
temporary-period nests. Model selection was based on 
Akaike’s Information Criterion scores adjusted for small 
sample sizes (AICc) as described above for QAICc in the 
adult survival analysis. Goodness-of-fit tests for nest 
survival models are currently not available (Dinsmore et 
al. 2002). When we multiplied different daily survival 
rates to calculate the probability of hatching, we used the 
Delta method to derive an estimate of the variance of this 
product. 

Chick survival analysis 

As was the case for nest survival, we used all data collected 

on chicks during the early period (1999–2003), but only 
data collected during 2015 and 2016 in the contemporary 
period. Chicks with radio-transmitters were checked 
every 1–3 d, but the length of the interval varied among 
and within chicks. In analysing this so-called ‘ragged 
telemetry data’, we used nest-survival models in program 
MARK to estimate and compare daily chick survival rates 
among periods. During the early period, 20 out of 107 
radio-transmitters were found in the field 19.4 ± 3.4 d 
after deployment (range: 14–26 d) without any remains 
to confirm the fates of the chicks. This suggests that some 
radio-transmitters started falling off at this stage; in fact, 
five of these transmitters – found 16, 21, 21, 22, and 24 d 
after tagging, respectively – were from chicks later observed 
to be alive. We therefore constrained our chick survival 
period to encompass only 14 d (hatch date + first 13 d 
after tagging) and assumed that disappearance of chicks 
during this period reflected chick mortality rather than 
tag loss or malfunction. However, we did exclude one 
chick for which we know the transmitter itself failed 9 d 
after tagging. The sample size of chicks followed with a 
radio-transmitter was 106 in the early period vs. 20 in the 
contemporary period; mostly as a result of poorer nest 
survival in the contemporary period (see Results). We 
used RMark to construct and compare models in which 
daily chick survival rate was constant or varied among 
periods. We also explored whether adding a linear or 
quadratic time-trend improved the model fit (Table 3). 
For this, we scaled the chick phase across years such that 
the earliest hatch date in a given year corresponded to 
the start of the chick phase. We selected the best model 
using AICc as described above for QAICc in the adult 
survival analysis. When we multiplied different daily 
survival rates to calculate the probability of surviving, we 
used the Delta method to derive an estimate of the 
variance of this product. 

RESULTS 

Adult survival 

The best model describing adult mark-recapture data 
had a constant survival and resighting probability, i.e. it 
did not include an effect of period on either probability 
(Table 1). There were five other models within 2 QAICc 
units of the best model (Table 1). Three of these models 
were not competitive because the additional parameter 
(ΦPeriod, PPeriod, PRing height) was uninformative (Table 1; 
see Methods). The other two models, one with constant 
survival and one with period-specific survival, were com-
petitive because they both included the informative 
parameter PPeriod + Ring height (Table 1). Both of these 
models indicated that the resighting probability of short 
rings was ~0.91 in the early period and only ~0.66 in the 
contemporary period, whereas the resighting probability 
of tall rings was ~0.89. On the basis of these results and 
our personal observations, we speculate that ring discol-
oration caused fewer positive identifications of individuals 
with short rings in the contemporary period, rather than 
an effect of ring height per se. 
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The estimated apparent survival probability of adult 
godwits from the best model was 0.88 (0.80–0.93) and 
resighting probability was 0.86 (0.77–0.92). The competing 
model with constant survival also estimated the annual 
survival probability to be 0.88 (0.79–0.93). The competing 
model with period-specific survival estimates, estimated 
the annual survival probability to be 0.81 (0.67–0.90) in 
the early period and 0.90 (0.81–0.95) during the contem-
porary period. All of these survival estimates have large 
confidence intervals due to low sample sizes. For this 
reason, we cannot be certain whether adult survival 
during the contemporary period was equal or higher 
compared to the early period. We can state that it wasn’t 
lower in the contemporary period, and we deem it most 
likely that it was equal because the additional parameter 
ΦPeriod was uninformative. 

Nest survival 

During both the early and contemporary periods, the 
most common cause of nest failure was predation (22% 
and 47% of nests, respectively; Fig. 2). Desertion (2% and 
7%) and flooding (0% and 1%) were much less common 
(Fig. 2). The proportion of nests that were deserted did 
not differ significantly between the periods (GLM: χ2 = 
0.55, df = 1, P = 0.457, n = 29 and 50; Fig. 2). 

The best model included an effect of period and a 
quadratic relationship with laying date (Table 2). This 
model indicated that daily nest survival rates were lower 
in the contemporary period and declined over the course 
of a nesting season (Table 2, Fig. 3). There were three 
other models within 2 AICc units of the best model 
(Table 2). Two of these were competitive and also indicated 
that daily nest survival rates were lower in the contemporary 
period and declined over the season (Table 2). The other 
model was not competitive because the additional param-
eter (an interaction between period and laying date) was 
uninformative (Table 2). 

The best model estimated that nests laid on the first day 
of the season had a 0.79 (0.70–0.88) probability of hatching 
in the early period versus 0.55 (0.41–0.70) in the con-
temporary period. Nests laid one week later (day 8) had a 
0.76 (0.68–0.84) probability of hatching in the early period 
versus 0.51 (0.39–0.62) in the contemporary period. If 
laid another week later (day 15), nests had a 0.71 (0.61–
0.81) probability of hatching in the early period vs. 0.42 
(0.31–0.54) in the contemporary period. Thus, depending 
on whether the nest was laid early (day 1) or late in the 
season (day 15), the chance it would hatch was 1.4–1.7 
times lower in the contemporary period than in the early 
period. 

Chick survival 

The best model evaluating variation in daily chick survival 
during the first 14 d of life included differences among 
the early and contemporary periods and a linear seasonal 
trend (Table 3, Fig 4). Daily chick survival rates from this 
model were lower in the contemporary period and declined 
over the course of a season (Table 3, Fig. 4). There were 

three other models within 2 AICc units of the best model 
(Table 3). One of these, which included an effect of period 
only, was competitive and also indicated that daily chick 
survival rates were lower in the contemporary period. 
The other two models were not competitive because their 
additional parameter was uninformative (Table 2). 

The best model estimated that chicks hatched on the first 
day of the season had a 0.56 (0.43–0.69) probability of 
surviving the first 14 d of life in the early period vs. 0.23 
(0.05–0.41) in the contemporary period. Chicks hatched 
one week later (day 8) had a 0.50 (0.40–0.60) probability 
of surviving the first 14 d in the early period vs. 0.17 
(0.02–0.32) in the contemporary period. If hatched another 
week later (day 15), chicks had a 0.43 (0.33–0.54) probability 
of surviving the first 14 days in the early period vs. 0.12 
(0.00–0.25) in the contemporary period. Thus, depending 
on whether a chick hatched early (day 1) or late in the 
season (day 15), the chance it would survive the first 14 d 
of life was 2.4–3.6 times lower in the contemporary 
period than in the early period. 

DISCUSSION 

We did not find a difference in apparent adult survival at 
the Nene Washes between the early period (1999–2003), 
when the godwit population increased, and the contem-
porary period (2015–2019), when the population was 
declining. However, depending on whether a nest was 
started early or late in the season, its survival was 1.4–1.7 
times lower in the contemporary period. Furthermore, 
the probability that chicks survived for 14 d was 2.4–3.6 
times lower in the contemporary period. On this basis, 
combined with the limited breeding distribution in the 
UK and high natal philopatry that godwits exhibit across 
their range (Kentie et al. 2014 and see below), we conclude 
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Fig. 2. The fates of godwit nests monitored at the Nene 
Washes during the early (1999–2003) and contemporary 
(2015–2016) periods. Numbers indicate sample sizes.



that the main contributing factor behind the recent decline 
of the Nene Washes godwit population is a decline in 
reproductive success, rather than declining adult survival 
or increased breeding dispersal. 

Adult survival 

For both the early and contemporary periods, our estimate 
of apparent adult survival probability was 0.88 (0.80–
0.93), which is similar to the estimated 0.85 (0.84–0.87) 
survival probability of adult godwits that breed in The 
Netherlands (Kentie et al. 2016). This, combined with the 
high re-sighting probability, shows that as in other popu-
lations, adult godwits at the Nene Washes are long-lived 
and tend to return to the same breeding site. It moreover 
suggests that this has been the case for the past 20 years. 
However, because our estimates have large confidence 
intervals, we cannot rule out that adult survival has 
increased over time. In either case, this means that the 
recent decline at the Nene Washes is not the result of a 
decline in adult survival. 

Another possibility is that the recent Nene Washes decline 
is due to fewer adults immigrating from other populations. 
However, there is no evidence to suggest that this is the 
case. While the exact location of nests was not recorded 
in the early period, during the contemporary period the 

average breeding dispersal of adult godwits was 373 m 
(range 28–1,140 m; n = 19). This is similar to the average 
breeding dispersal observed in The Netherlands (125 m, 
95% CI: 85–195 m; Kentie et al. 2014). Although seven 
breeding pairs are thought to have permanently moved 
24 km from the Ouse to the Nene Washes in 2000 following 
an extraordinarily deep flood (Fig. 1; Ratcliffe et al. 2005), 
this appears to have been an isolated event – and even 
without further apparent movement of adults, the Nene 
Washes population continued to grow over the following 
six years (Fig. 1). This therefore suggests that during the 
early period, the Nene Washes population successfully 
produced young that recruited back into the population. 
This notion is supported by limited natal dispersal that is 
comparable to that observed in godwits in The Netherlands 
(915 m, 95% CI: 550–1,515 m; Kentie et al. 2014): of 63 
chicks hatched at the Nene Washes that are known to 
have recruited into a breeding population, 61 recruited 
into Nene Washes and two into Ouse Washes, 24 km 
away. Considering that the Ouse Washes is the closest 
neighbouring breeding area and during the early period 
had approximately eight pairs, it is unlikely that juveniles 
recruiting into the Nene Washes breeding population 
during this period came from other breeding sites. 

Our conclusion, therefore, is that the Nene Washes had 
relatively high reproductive success during the early 
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Fig. 3. Daily nest survival rates in the early (grey) and 
contemporary (black) periods as estimated from the best 
model (Period + Date2; see Table 2). Histogram shows 
when nests that later failed were observed to be active. 
Bars are offset per period such that they do not overlap.

Fig. 4. Daily chick survival rates in the early (grey) and 
contemporary (black) periods as estimated from the best 
model (Period + Date; see Table 3). Histogram shows when 
chicks that died were last observed alive. Bars are offset 
per period such that they do not overlap.



period, and that the recent decline of the breeding popu-
lation is likely a matter of lower reproductive success in 
recent years. This notion is supported by our findings 
that both nest and chick survival were considerably lower 
in the contemporary period. 

Nest and chick survival  

Nest survival of breeding waders can be affected by 
livestock trampling and other agricultural activities (Bein-
tema & Müskens 1987, Kentie et al. 2015, Sharps et al. 
2015). Wader nests in general, and especially those on 
washes and coastal floodplains, are also at risk of flooding 
(Ratcliffe et al. 2005, van de Pol et al. 2010). However, 
none of the 213 nests monitored across the early and 
contemporary periods was trampled or lost to agricultural 
activities, and only one was flooded. The lower nest 
survival in the contemporary period must therefore be 
the result of predation and desertion. Our data on the 
causes of nest loss support this, showing that predation 
accounted for 88% of nests lost (Fig. 2). Furthermore, 
clutch desertion often follows either partial predation of 
the clutch or the death of an incubating parent (Burger & 
Olla 1984). Of the six desertions we observed during the 
contemporary period, two followed partial clutch predation 
and two followed predation of an adult. Thus, we can 
safely conclude that the decline in nest survival is mostly 
due to an increase in predation pressure. 
Increased predation pressure could further account for 
the lower chick survival we observed in the contemporary 
period. However, although all of the dead chicks that we 
retrieved in both periods had been eaten (e.g., torn apart, 
picked eyes, missing legs), we could not establish whether 
predation was the initial cause of death (this is very hard 
to do with certainty; see Teunissen et al. 2008). Lower 
chick survival could also be a result of poorer conditions 
for growth and development; for example, lower food 
abundance or availability (Beintema & Visser 1989). 
Obtaining and comparing current growth rates to those 
of the early period (Ratcliffe et al. 2005) would be a first 
step toward resolving whether chick survival is lower in 
the contemporary period because of poorer conditions 
for growth. To accomplish this, all chicks (both from past 
years and in the future) need to be molecularly sexed to 
determine and account for their sex-specific growth rates 
(Loonstra et al. 2018). Future research should also investigate 
whether the likelihood of being predated is related to 
body condition (e.g., Schekkerman et al. 2009, Sharpe et 
al. 2009). This might be the case, because we detected a 
seasonal decline in chick survival, and body condition is 
likely to have declined over the season (Loonstra et al. 
2018). This possibility must be ruled out for effective 
management because increasing the body condition of 
chicks would require a different approach compared to 
trying to directly decrease predation pressure on chicks. 

Increased predation pressure  

Increased predation pressure is known to cause declines 
in wader nest survival (MacDonald & Bolton 2008). In 
mown grasslands in The Netherlands, for example, leaving 

small uncut patches around godwit nests increases 
predation pressure, and this decreases nest survival, com-
pared to leaving larger uncut patches or not mowing at 
all (Kentie et al. 2015). Furthermore, Lapwing Vanellus 
vanellus nests that are located closer to patches of taller 
and denser vegetation are less likely to be predated 
(Laidlaw et al. 2015); this is likely because small mammals 
are confined to these spaces and function as alternative 
prey (Laidlaw et al. 2013, 2019). Predation pressure is 
thus likely the result of interactions between predation 
and habitat, and these interactions can vary depending 
on the specific environmental context (Evans 2004). 

There are numerous reasons predation pressure on godwit 
nests at the Nene Washes might have increased. We 
present three possible contributing factors based on our 
observations, but emphasise that this is not an exhaustive 
discussion. (1) The total pairs of Lapwings, Redshanks 
Tringa totanus and Snipes Gallinago gallinago nesting 
with the godwits at the Nene Washes have declined by 
59% between the early and contemporary period (pairs 
2000 & 2016: Lapwing = 230–63 (–73%); Redshank = 
140–76 (–46%); Snipe = 104–53 (–49%); Kitchin & Pringle 
2016). Like godwits, Lapwings and Redshanks mob certain 
predators to drive them away from nests and chicks 
(Elliot 1985, Green et al. 1990, Jónsson & Gunnarsson 
2010). A decline in other nesting waders, probably also 
driven by increased predation, could therefore have led 
to less anti-predator behaviour by the breeding wader 
community as a whole. Additionally, the decrease in 
other waders could have led to fewer prey options for 
predators, also increasing pressure on godwit nests and 
chicks. (2) The Nene Washes and its surroundings may 
also have undergone a more general deterioration in 
terms of alternative prey availability for predators. For 
example, the number of Ring-necked Pheasants Phasianus 
colchicus in the area is thought to have decreased over the 
past decade (CK & J. Taylor pers. obs). The predator pop-
ulations already present in the Nene Washes may have 
consequently become more reliant on godwit and other 
wader nests, and additional predator populations that 
formerly relied on prey sources in the surrounding areas 
may have shifted to the Nene Washes. (3) An increase in 
predator numbers and species might have led to higher 
predation pressure overall. For example, around the Nene 
Washes breeding Common Buzzards Buteo buteo and 
Red Kites Milvus milvus have colonized and increased 
and numbers of Marsh Harriers Circus aeruginosus have 
increased (Balmer et al. 2014, CK & NR pers. obs.), and 
in 2003 the first Badger Meles meles was seen at the Nene 
Washes (CK pers. obs.). All of these species are known 
predators of godwit nests or chicks and therefore might 
have added to the existing predation pressure (Teunissen 
et al. 2008, all authors pers. obs.). The increase in predator 
numbers, species and their relative predatory impacts in 
different years could be the result of many different factors 
interacting; for example, variation in food abundance, 
climate, disease, predator management in the wider land-
scape and competition, predation or interactions between 
the predators. 
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These potential factors suggest a number of management 
actions that may improve the nest survival of godwits on 
the Nene Washes in the short term:  

1. Maintaining the openness of the godwit nesting area 
by removing trees, reed beds and rushes might lower 
predator efficiency and proximity to nesting godwits 
(Laidlaw et al. 2015, CK & MW pers. obs.).  

2. Managers could attempt to increase the abundance of 
alternative prey in the surrounding landscape. Possible 
mechanisms for this include (2a) creating verge habitat 
that sustains vole populations in suitable places (Laidlaw 
et al. 2017) and (2b) providing diversionary food at 
breeding sites for key avian predators (Smart & Amar 
2018).  

3. Managers should limit the number of predators and 
their ability to predate godwit nests. This can be done 
by (3a) placing fences to exclude predators from the 
area (Malpas et al. 2013), (3b) reducing the availability 
of nesting sites to predators (Bodey et al. 2010) and 
(3c) through lethal control of Red Foxes Vulpes vulpes 
and Carrion Crows Corvus corone (Bolton et al. 2007).  

4. We also believe that flooding the Nene Washes for 
longer periods before the breeding season and main-
taining high water levels throughout the season may 
dramatically reduce the number of small mustelids 
from the godwit nesting areas (CK & MV pers. obs.). 
Winter flooding could furthermore be used to con-
centrate any alternative prey on the edges of the Nene 
Washes, and in so doing keep the predators further 
away from the fields that have nesting godwits (CK & 
MV pers. obs.). 

In an ideal world, we would test the efficacy of these 
predator management techniques experimentally to under-
stand what works, but in reality, the rate of this population’s 
decline precludes that. Actions 1, 2b and 3a–c are all cur-
rently being applied, with 3a being tested experimentally, 
but action 4 is challenging because it is difficult to delib-
erately flood in a controlled manner. 

Such efforts in the Nene Washes might help maintain 
this breeding population in the short term. In the long 
term, however, effectively conserving this population will 
require the identification of the factors behind the observed 
increase in predation pressure, and the design of specific 
counter-measures. We therefore recommend making it a 
priority to obtain a broad ecological understanding of 
predators and habitats at the Nene Washes and similar 
areas, and to assess the effects of various management 
strategies through directed study. 
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