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Introduction

Conservation interventions, including predator control, habi-

Abstract

Measures to boost populations can help ensure population persistence in the
short-term while longer-term conservation interventions take effect. Headstarting,
involving the collection of wild early life-stage individuals, rearing in captivity,
and release into a new or existing population once independent, has recently been
identified as a potential translocation technique to assist small breeding populations
of waders declining due to low levels of productivity. However, the demographic
rates of headstarted individuals have not been quantified, and their impact on target
populations not understood, which is required to determine the efficacy of this
technique as a tool for species recovery. Between 2017 and 2022, headstarting was
trialled as a tool to supplement the critically small sub-population of black-tailed
godwit (Limosa limosa limosa) breeding at the Ouse Washes, Eastern England. We
demonstrate that a high survival rate for eggs and chicks can be achieved through
artificial incubation and hand-rearing, and that headstarting can substantially
increase the overall productivity of a small population. Using survival analysis and
mixed effects modelling, we show that apparent survival and breeding success of
headstarted individuals is comparable to wild-reared conspecifics. The survival rate
of released birds was sufficient to significantly boost the breeding population,
reaching over five times the number of breeding pairs at the release site during the
trial. Providing demographic rates remain the same, the number of godwits breed-
ing at the Ouse Washes is predicted to continue to increase moderately over the
next 20 years. This study highlights the potential of headstarting to boost small
populations of breeding waders, and demonstrates the value of this technique to
assist with the recovery of threatened populations when there is a clear justification
that headstarting can negate the effects of population limiting factors.

Headstarting is a technique involving the collection of
eggs or young individuals from the wild and rearing them in
the relative safety of captivity (Heppell, Crowder, &

tat manipulation and translocation techniques, are increas-
ingly applied to aid the recovery of threatened species
(Collins, Sanders, & Jodice, 2016). However, the time-lag
between diagnosing the problem and enabling conservation
measures to positively impact demographic rates (Westwood,
Reuchlin-Hugenholtz, & Keith, 2014) can leave small or rap-
idly declining populations vulnerable to extinction. Measures
to boost such populations in the short term may help ensure
the persistence of the population while longer term interven-
tions can be identified, implemented and take effect, and
speed up the process of recovery.

Animal Conservation ee (2024) ee—ee © 2024 Zoological Society of London.

Crouse, 1996; Kissel et al., 2014). Individuals can then be
released back into the population from which they were col-
lected as a form of reinforcement, or released into areas cur-
rently lacking the focal species as a form of (re-)introduction
(Gaywood & Stanley-Price, 2022). When acting on a vulner-
able life stage where threats are inhibiting population growth,
headstarting can promote population recovery (Pérez-
Buitrago e al., 2008). This technique has been developed
and applied to various species, though its success rate has
been variable for reasons such as failing to directly target
the life stage upon which future population growth depends
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(Norris, 2004), or being applied to populations which are too
large for headstarting to make an effective population level
difference (e.g. Heppell, Crowder, & Crouse, 1996).

The potential of headstarting to increase breeding popula-
tions of waders has been explored over recent decades. In
the United States, abandoned eggs of piping plover (Chara-
drius melodus; Powell & Pullin, 1997) and snowy plover (C.
nivosus; Neuman et al., 2014) were collected, reared and
released, demonstrating how captive techniques could be
used to increase the survival of waders in this early life
stage. Since 2012, headstarting has been used to ‘buy time’
for the Critically Endangered spoon-billed sandpiper (Cali-
dris pygmaea) breeding in Far Eastern Russia while conser-
vation measures are developed (Pain et al., 2018). Recent
evidence suggests the overall impact of headstarting on the
population has been positive, though with indications that
the return rate after first arrival on breeding grounds is lower
for headstarted compared to wild-reared individuals (Loktio-
nov et al., 2023).

In Europe, lowland wet grassland waders are among the
most threatened bird species (Zmihorski et al., 2018) because
of declines in productivity owing to agricultural intensifica-
tion and urbanization leading to habitat degradation and loss,
and increased predation levels (Roodbergen, van der Werf, &
Hoetker, 2012). These threats reduce hatching and fledging
success, thus producing insufficient numbers of chicks to
sustain viable populations. Various conservation efforts
designed to increase productivity have been developed for
waders but continue to present a number of challenges
(Laidlaw et al., 2021) and do not always improve overall
population trends (e.g. Bolton ez al., 2007). Black-tailed god-
wits (Limosa limosa limosa) (hereafter ‘godwits’), which
breed in north-western Europe and winter from Iberia to
West Africa (Bocher et al., 2013; Hooijmeijer et al., 2013),
have declined throughout their breeding range (Gill
et al., 2007). The Fens population is currently the stronghold
for godwits in the United Kingdom, with ~90% of the UK
breeding population in two areas: Ouse and Nene Washes
(Batey et al., 2023). The UK breeding population was lost
as a regular breeding species during the 19th century (Cottier
& Lea, 1969; Holloway, 1996) but re-colonized the Ouse
Washes in 1952, where the population reached a high of 65
pairs by 1972 (Ratcliffe, Schmitt, & Whiffin, 2005).
Increased spring flooding caused a decline to three breeding
pairs at the Ouse Washes by 2005, with productivity below
the threshold for population stability (Ratcliffe, Schmitt, &
Whiffin, 2005). More recently, numbers of breeding godwits
at the nearby Nene Washes have also shown signs of decline
because of low productivity, from a peak of 48 pairs in
2006 to 37 pairs in 2014 (Verhoeven et al., 2021; Batey
et al., 2023). The creation of flood-free grassland adjacent to
the Ouse Washes began in early 2000s to provide better con-
ditions for breeding waders (Ratcliffe, Schmitt, & Whif-
fin, 2005; Batey et al, 2023). However, the number of
breeding godwits at the Ouse Washes was already critically
small, thus recovery to historic numbers was expected to be
slow. From 2017 to 2022, headstarting was trialled using
eggs collected from the Fens population, with the aim of
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boosting the breeding sub-population at the Ouse Washes,
and accelerating recovery to historic levels over 30 years.

Here, we report the results of the headstarting trial involv-
ing godwits at the Ouse Washes. We determine whether (1)
wild godwit eggs hatched and reared in captivity can achieve
a high success rate (hatch to fledge), (2) the apparent sur-
vival (return to release site) of headstarted birds is similar to
equivalent wild-reared godwits, (3) released godwits attempt
to breed on return, (4) daily nest survival is influenced by
having one or more headstarted parents and (5) headstarting
boosts the target sub-population at the area of release, to the
level predicted by population models used to justify the trial.
We draw conclusions regarding the potential of headstarting
as a tool for godwit conservation, its applications for other
wader species, and highlight key considerations for the use
of this technique.

Materials and methods

Study area

The Fens, eastern England (Fig. 1), hosts the largest popula-
tion of breeding godwits in the United Kingdom (Batey
et al., 2023). This consists of two sub-populations breeding
at the Nene Washes and the Ouse Washes; separated ~24 km
apart by arable land unsuitable for godwits (Fig. 1). Breed-
ing dispersal between these sub-populations is very low; Ver-
hoeven et al. (2021) reported that of the 63 chicks that
hatched at the Nene Washes and recruited to the Fens popu-
lation, 61 returned to the Nene Washes and two moved to
the Ouse Washes. Our target area, the Ouse Washes
(~2,450 ha), is protected by multiple conservation designa-
tions and is now managed largely by nature organizations. It
was designed as a floodwater storage system during periods
of high river levels to protect surrounding farmland and
property (Ratcliffe, Schmitt, & Whiffin, 2005). By the start
of the trial, two separate but functionally linked areas of wet
grassland surrounded by predator-proof fencing had been cre-
ated adjacent to the Ouse Washes to provide safe, alternative
habitat for nesting waders during periods of flood on the
washes (Lady Fen Complex and Pilot Project; Fig. 1; Rat-
cliffe, Schmitt, & Whiffin, 2005). Reference to ‘Ouse
Washes’ hereafter includes these two areas.

Headstarting

Due to the small number of breeding pairs (and therefore
available eggs) present at the Ouse Washes at the start of the
project, eggs for headstarting were collected under licence
from godwits nesting at the Nene Washes (Fig. 1) and trans-
ported to a facility near the Ouse Washes. Full clutches of
typically four eggs were collected as early in the season and
incubation period as possible, to increase the likelihood of
donor pairs re-nesting (Hegyi & Sasvari, 1998). Eggs were
artificially incubated wuntil hatching (see Hiscock &
Costa, 2023, for full details). Chicks remained in indoor
brooders until ~5 days, then were moved to outdoor rearing
aviaries (Costa et al., 2023). At ~14-23 days old, chicks
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Figure 1 Location of the study area in the Fens, eastern England: Nene Washes and Ouse Washes (diagonal lined black) including adjacent
created habitat (spotted black): Pilot Project and Lady Fen Complex. Block colours represent habitat type (map adapted from Marston
et al., 2022; based upon Land Cover Map 2021© UKCEH 2022. Contains Ordnance Survey data © Crown Copyright 2007, Licence number

100017572).

were fitted with a unique combination of four colour rings, a
Passive Integrated Transponder (PIT) tag ring and a uniquely
numbered metal ring. Prior to being transferred to a release
aviary at ~20-26 days old, where human contact was mini-
mal for birds to acclimatize to wild conditions, individuals
were given a health-check (Beckmann et al., 2022) and
breast feathers taken for DNA sexing. Chicks were released
once able to fly at ~27-33 days old. From 2017 to 2022,
144 birds were released at the Ouse Washes (see Results
section). On the day of release, the door of the aviary was
removed until the birds flew or walked out. From 2018, 62
birds were also released at the Nene Washes to minimize
impacts to the source population. However, since the original
focus of our study was to boost the population at the Ouse
Washes, and to determine the ability of headstarting to assist
the recovery of populations more generally, here we report
the results of those released at the Ouse Washes only.

Monitoring

All godwit breeding areas at the Nene and Ouse Washes
(Fig. 1) were visited regularly from mid-March to mid-July
in 2018-2022 to locate returning colour-ringed birds. Visits
in 2020 were reduced due to Covid-19, though core site staff
were present. Total annual counts of pairs were obtained
using the number confirmed to have nested, and other pairs
that were seen together more than once and/or showing
breeding behaviour. Godwit nests were located by observing
birds showing territorial behaviour, returning to, or being
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disturbed from a nest (Verhoeven et al., 2021). Once found,
eggs were measured (length and breadth) and weighed to
estimate hatch date (Verhoeven er al., 2021). Temperature
loggers (1-wire thermochron DS1921; Maxim Integrated
Products Ltd, CA, USA) were placed in the nest cup and set
to record temperature every 10 min to establish the date and
time that incubation ceased and therefore the point at which
nests hatched, were predated or failed for other reasons
(abandoned, trampled, flooded). Nests were visited or
observed from a distance every 3—7 days to determine if still
active. Where possible, we identified the parents for each
nest, recording colour rings of those returning to or leaving
the nest, using optics from a distance, nest cameras and/or
PIT tag readers deployed around the nest cup. A nest was
classed as successful if at least one egg hatched, confirmed
when hatched eggshell fragments were located in the nest
and/or chicks were seen in or by the nest. Broods were
located every few days and attempts made to catch chicks
between ~10 and 23 days old to fit colour rings. Chicks
were assumed to have fledged if active at ~25-35 days old
and showing signs of attempting flight, and failed if both
adults were seen without showing behaviours associated with
having chicks, or if the family was not seen again before
chicks reached fledging age (Roodbergen & Klok, 2008).
Fledging success was used to obtain updated values of pro-
ductivity up to 2022. However, since wild fledging rates at
the Ouse Washes were low in all years studied, and our sam-
ple sizes for pairs successfully fledging chicks with and
without headstarted parents within years were small, we were
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unable to examine whether there was a difference between
wild- and captive-reared birds successfully fledging chicks.

Statistical analyses

Apparent survival

We estimated apparent survival of headstarted godwits using
Cormack-Jolly-Seber (CJS) models in program MARK 9.0
(White & Burnham, 1999 ) using the RMark interface
(Laake, 2013) in R 4.2.2 (R Core Team, 2022). To address
our aim of determining the impact of headstarting on the
target population, we included resighting data collected for
all headstarted birds released at the Ouse Washes, and
recorded as ‘resighted’ those detected at the Ouse Washes
during the breeding season from 2018 to 2022. Birds seen
at both the Ouse and Nene Washes during a single breeding
season were assumed to have not recruited to the Ouse (four
individuals), since observations show that godwits breeding
at the Nene Washes typically travel through the Ouse
Washes on their annual migrations. Sightings were combined
to create a single capture occasion in each year for each
individual to reduce the number of parameters tested
(O’Brien, Robert, & Tiandry, 2005). Godwits released in
cohorts 1-3 (2017-2019) were included in the analysis
(excluding birds released in 2021 and 2022), to enable us to
examine age-specific trends in survival (1 year old and
adult, see below).

We created a hierarchical model set to test the effect of
‘age-class’ and ‘release year’ (as a covariate) on survival,
and ‘age-class’ and ‘year’ (as a factor) on resighting proba-
bility. ‘Age-class’ was categorized into ‘1 year old* (fledging
to return in Spring/Summer in calendar year 2 [where the
year of fledging = 0 year old = calendar year 1]) and ‘adult’
(age 2+ year old = return from Spring/Summer of calendar
year 3+) (e.g. Roodbergen, van der Werf, & Hoetker, 2012;
Kentie et al., 2014, 2018) to compare with estimates for
wild-reared birds (Verhoeven et al., 2021), and because it
provided the best fit to the data. We included the effect of
‘release year’ on survival to test whether birds in later
cohorts were less likely to return to the site of release as
density of godwits increased, as shown in Icelandic godwits
(Gunnarsson et al., 2005). We also tested the effect of
‘age-class’ on resighting probability to account for the possi-
bility that young birds may be less likely seen at the Ouse
Washes as they explore other possible breeding areas before
settling (Kentie et al., 2014). We included a ‘year’ effect on
resighting probability because resighting effort was lower in
2020 due to Covid-19 restrictions and considering that
records of individuals could be more difficult to obtain in
later years, with more colour-ringed godwits to identify. Due
to limited sample size, we were not able to include the effect
of sex in our survival models and ran additive models only.
The Goodness-of-fit of the full model was tested using the
median c-hat function in MARK (White & Burnham, 1999),
and models were adjusted in RMark using the estimated
c-hat value. We considered the model with the lowest
QAICc (Akaike’s Information Criterion corrected for small
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sample size and overdispersion) as the best fitting model,
and those within 2 AICc of this model without uninforma-
tive parameters were considered competitive (Burnham &
Anderson, 2002; Arnold, 2010).

Recruitment into target area

We next determined the probability of godwits returning to
the Ouse Washes (only, as above) attempting to breed, using
observations of confirmed nesting attempts, or individuals
showing breeding behaviour. We used generalized linear
mixed effects models with a binomial error distribution and
logit-link function, with breeding (1 or 0) for each individual
as the response variable, ‘sex’, ‘age’ and their interaction as
fixed effects, and ‘bird ID’ as a random intercept to account
for multiple observations of the same individuals across
years. We ran all combinations of this model in R, and esti-
mated the predicted probability of breeding using the coeffi-
cients from the model with the lowest AICc.

Daily nest survival

We used nest survival models in RMark to estimate the daily
nest survival rate (Dinsmore, White, & Knopf, 2002) and
detect any difference between daily nest success with and
without headstarted parents (see below). We included nests
monitored across all project sites (Fig. 1) to increase our
sample size of nests with headstarted and wild-reared pairs,
since most nests at the Ouse Washes were parented by one
or more headstarted birds. We used data from 2019 to 2022
and excluding 2020, because only one nest with a head-
started bird was monitored in 2018, and insufficient data for
nest analysis were obtained in 2020.

To estimate the first-egg laying date for each nest: (a) for
those with known hatch date, we assumed the first egg was
laid 26 days prior to hatch (Verhoeven et al., 2022), (b) for
those found during laying, we back-calculated based on the
number of eggs in the nest, assuming one egg laid per day
(Verhoeven et al., 2021, 2022), (c) for eggs with no hatch
date and not found during laying, we used the predicted
hatch date calculated from wupdated equations from
Green (1984) and back-calculated to the laying date of the
first egg (Verhoeven et al., 2021). The following terms were
included in the dataset for RMark for each nest (Rotella,
Dinsmore, & Shaffer, 2004): first found (day nest was found
relative to the nesting phase of that year), age found (num-
ber of days into incubation nest was found), age day 1 (age
of nest on day of first lay relative to the nesting phase of
that year), last present (day an egg was last recorded), last
checked (day nest was last visited), fate for the observation
interval (0 = successful, 1 = unsuccessful), site (see below),
headstarted bird in pair (0 = no headstarted birds in pair,
1 = at least one headstarted bird in pair). Clutches collected
for headstarting were included in the analysis, with the
observation interval before egg collection being denoted as
‘successful’. Nests for which we could not establish nest age
(i.e. did not hatch and were not measured), and those con-
taining more than one unidentified parent that was not a
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headstarted bird, were excluded. ‘Site’ was included due to
the known variation in nest success between study areas
within any given year. At the Ouse Washes, two distinct
areas used by nesting godwits were ~ 9 km apart, with nota-
bly different hatching success. Thus, we categorized the
Ouse Washes into two levels: the ‘Pilot Project’ and ‘Lady
Fen Washes’ (Lady Fen Complex + adjacent area of the
Ouse Washes; Fig. 1), and included alongside the Nene
Washes (totalling three site levels), for the purpose of nest
analyses only.

Due to the number of variables that could potentially
drive daily nest survival and the limited number of nests
(n = 119), nest analyses were run in two stages: (1) we first
ran models with temporal variables of ‘nest age’, ‘date’ (i.e.
time) and ‘date®” (accounting for the possibility of non-linear
effects) (Dinsmore, White, & Knopf, 2002); (2) we then ran
models with the most important terms from (1), as well as
‘headstarted bird in pair’ and ‘site’, to explore differences
between nests with and without headstarted birds in the pair,
and to account for differences in daily nest survival between
the three breeding areas. ‘Year’ was included in all models
to control for environmental factors impacting daily nest sur-
vival between years (e.g. see Conkling et al., 2015; Robin-
son & McChesney, 2022). For both stages of analysis, we
tested all combinations of the selected variables using addi-
tive effects and considered models within 2 AICc of the top
model without uninformative parameters as competitive. As
above, we did not include interactions, to ensure model fit
with the data available.

Population models

Pre-trial predictions

To predict the outcomes of the proposed headstarting pro-
gramme for the Ouse Washes godwit population, we created
a pre-breeding stochastic matrix population model, with a
two-stage life cycle (age 1 and 2+) using PopTools version
3.2.3 (Hood, 2010).

Model parameterization

Given the small size of the Ouse Washes breeding popula-
tion prior to the project, we generated survival estimates
from the Nene Washes population. Using observed Nene
Washes productivity for the period 2007-2016, we deter-
mined the value of constant adult survival (0.89; see
Table Al for a summary of parameter values used in the
population models) that gave best fit to the observed count
of territorial pairs, by minimizing the sum of squared devia-
tions between observed and modelled values. To generate
separate estimates for 1 year old (calendar year 2) and subse-
quent (adult, 2+ years old) survival, in the absence of empir-
ical estimates, we assumed a constant ratio of 1 year old to
adult survival (see Cuthbert et al., 2004); the mid-point of
first year and adult survival reported in Gill et al., 2007
(0.61). Productivity was estimated as the average for the
Ouse Washes population for the 10-year period immediately
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prior to the onset of the project (2007-16 = 0.54 fledglings/
breeding pair).

Population trajectories

We projected population trajectories for the Ouse Washes
godwit sub-population with and without headstarting. Sto-
chasticity in productivity (fledglings/breeding pair) and sur-
vival was based on drawing at random from stretched beta
(0-3) and beta distributions (1 year old: a = 53.11,
b = 45.25; adult: a = 34.44, b = 4.34), respectively. We cre-
ated within-year correlations between age-specific survival
rates. In all models, we assumed zero net immigration/emi-
gration. The outcome of each scenario was the mean of
1,000 Monte Carlo simulations.

We based pre-project avicultural planning on the number
of released birds required to reach the goal of 65 pairs
within 30 years, assuming that 80% of harvested eggs
resulted in a fledgling (WWT, unpublished data), and that
there was no ‘fitness penalty’ to being headstarted rather
than wild-reared. The impact of egg extraction on the num-
ber of breeding pairs at the donor site is described in
Appendix S1, showing that the predicted and observed effect
compared to no extraction was minimal.

Post-trial projections

Following the release of headstarted birds up to 2022 and
once demographic rates for released birds were estimated
using resighting data from cohorts 1 to 3, we repeated the
process above using (i) the number of birds released 2017—
2022, (ii) the updated estimate of productivity over the more
recent 10-year period (2013-2022 = 0.57), and (iii) the sur-
vival estimates of headstarted adults and recent estimates for
wild-reared godwits from the Nene Washes population (0.9;
Verhoeven et al., 2021). With no further releases planned,
we ran the models phasing out the headstarted individuals at
the prescribed rate, as the population gradually contained a
greater proportion of wild-reared godwits.

Results

Rearing and release

Over the 5 years of the trial, 248 eggs from 66 clutches
were collected. The overall hatch rate of eggs in captivity
was 87.1%, ranging from 67.4% in 2017 to 98.1% in 2022
(Table 1). A lower hatch rate of eggs was obtained in 2017
and 2018 due to some eggs being in poor condition at the
time of collection because of flooding, thus when accounting
for the difference in egg condition, the overall hatch rate
was 93.2% for unflooded (‘good’) eggs, and 58.2% for
flooded (‘poor’) eggs (Table 1). From 2017 to 2022, 206
fledglings were released into the Fens, 204 of which were
marked with colour rings: 143 at the Ouse Washes and 61 at
the Nene Washes (Table 1). This resulted in an average egg
to fledgling success rate of 83.1%: 90.3% and 48.8% for
eggs collected in ‘good’ and ‘poor’ condition, respectively.
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Table 1 Details of eggs collected for headstarting and number released between 2017 and 2022

L. Donaldson et al.

Egg to fledge success
No. eggs collected Eggs hatched (%) No. released (marked) rate
Egg Egg Egg
condition No. condition Ouse Nene condition
Year Good Poor Total clutches Good Poor Total Washes Washes Total Good  Poor Total
2017 32 11 43 12 27 (84.4) 2 29 (67.4) 26 (25) 0 26 (25) 78.1% 9.1% 60.5%
(18.2)
2018 23 32 55 16 19 (82.6) 23 42 (76.4) 23 15 38(38) 783% 62.5% 69.1%
(71.9)
2019 51 0 51 13 50 (98.1) NA 50 (98.0) 33 15 (14) 48 (47) 94.1% NA 94.1%
2021 47 0 47 12 44 (93.6) NA 44 (93.6) 26 17 43 (43) 91.5% NA 91.5%
2022 52 0 52° 13 51 (98.1) NA 51 (98.1) 36 15 51 (51) 98.1% NA 98.1%
Total 205 43 248 66 191 (93.2) 25 216 (87.1) 144 (143) 62 (61) 206 (204) 90.3% 48.8% 83.1%
(58.2)

No. clutches is the number of nests that eggs were collected from in that year. Numbers provided for eggs in ‘good’ (unflooded) and ‘poor’

(flooded) condition at the time of collection.
® Including two eggs collected at Ouse Washes.

Table 2 Model selection for the impact of age (‘age-class’ = 1 year
old and adult [2+ years old]) and release year on survival (), and
age (‘age-class’) and time on resighting probability (p), of
headstarted birds returning to the Ouse Washes, adjusted by
estimated median chat (1.13)

Model K AQAICc Weight
¢(age) p(age) 4 0.00 0.66
o(age) p(age + time) 8 3.53 0.11
p(age + release year) p(age) 6 3.58 0.1
o(.) p(age) 3 5.49 0.04
o(.) p(age + time) 6 5.90 0.03

Top 5 models are shown, see Table A2 for the full model list. K,
number of parameters.

Apparent survival

In total, 81 marked godwits were released at the Ouse
Washes between 2017 and 2019, two were of unknown sex
and removed from the analysis, leaving 79 birds (37 females,
42 males), 35 (44%) of which returned to the Ouse Washes
at least once between 2018 and 2022: 16 females and 19
males. The top model showed that apparent survival and
resighting probability of headstarted birds at the Ouse
Washes was influenced by ‘age-class’ (Table 2), with 1 year
old survival (0.50 [95% CI: 0.38-0.63]) lower than adult
survival (0.82 [95% CI: 0.70-0.90]), and resighting probabil-
ity of 1 year olds (0.38 [95% CI: 0.23-0.54]) lower than
adults (0.93 [95% CI: 0.82-0.98]). No other models were
within 2 AICc of this model, thus there was no support for
an effect of ‘release year’ on survival, and resighting proba-
bility did not change over ‘time’ (Table 2).

Recruitment into target area

Between 2018 and 2022, 29 headstarted birds that returned
to the Ouse Washes were suspected or confirmed to be

Table 3 Models of recruitment of released godwits to the Ouse
Washes ranked by AlCc

Model K AAICc Weight
Sex*Age 5 0.00 0.44
Age + Sex 4 0.45 0.35
Age 3 1.55 0.20
Sex 3 35.66 0.00
~1 2 36.69 0.00

Model in bold is the top model. *, interaction; K, number of

parameters.

breeding (15 females and 14 males; Table A3). The breeding
probability of headstarted birds released at the Ouse Washes
was affected by an interaction between ‘sex’ and ‘age’
(Table 3). At ages 1 and 2, females were more likely to
breed than males and by age 3 both sexes were almost
equally likely to breed (Fig. 2).

Daily nest survival

After excluding nests with unknown parents and/or nest age
(see Methods), 119 nests monitored in 2019, 2021 and 2022
were used for analysis: 72 at the Nene Washes, 11 at Pilot
Project and 36 at Lady Fen Washes. Of these, 59 nests were
from a pair with at least one headstarted parent, and 60 from
nests with no headstarted parents.

Initial modelling of the temporal variables showed that
variation in daily nest survival was best explained by the
nonlinear effect of ‘date’ (Table 4a). Although the model
with ‘nest age’ was within 2 AICc of the top model, this
had a similar log-likelihood to the top model (—146.4 vs.
—146.0), thus ‘nest age’ was considered an uninformative
parameter (Arold, 2010) and not included in the next step
of the analysis. Overall, variation in daily nest survival was
best explained by the nonlinear effect of ‘date’, with nest
survival highest in the middle of the season, and with slight

Animal Conservation ee (2024) ee—ee © 2024 Zoological Society of London.
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Figure 2 Probability of breeding for birds that returned to the Ouse Washes in years subsequent to release, as a function of age (where
age 1 =1 year old = calendar year 2) and sex. Lines are predictions from the top model (sex*age), conditioned for fixed effects only for dis-
play purposes. F = female (red), M = male (blue). Shaded areas show 95% confidence intervals.

Table 4 Model selection results for daily nest survival of godwits
in the Fens study area 2019, 2021-2022

Model K AAICc Weight

a) Temporal variation
Year + Date + Date? 5 0.00 0.58
Nest Age + Year + Date + Date? 6 1.18 0.32
Year 3 5.53 0.04
Date + Year 4 6.17 0.03
Nest Age + Year 4 7.54 0.01
Nest Age + Date + Year 5 7.58 0.01

b) Full model test + temporal variation
Site + Date + Date? + Year 7 0.00 0.49
HS + Site + Date + Date® + Year 8 1.51 0.23
Date + Date? + Year 5 2.54 0.14
Site + Year 5 4.52 0.05
HS + Date + Date? + Year 6 4.56 0.05
HS + Site + Year 6 5.91 0.03
Year 3 8.07 0.01
HS + Year 4 10.08 0.00

Models in bold are the top models. K, number of parameters; HS,
at least one headstarted bird in the pair.

differences between ‘sites’ (Table 4b; Table A4). ‘Head-
started bird in pair’ was included in the second ranked
model which was within 2 AICc of the top model
(Table 4b), but again, with similar log-likelihoods (—143.2
vs. —142.9) this term is uninformative and this model is
therefore not considered competitive.

Animal Conservation ee (2024) ee—ee © 2024 Zoological Society of London.

Ouse Washes sub-population

Releasing headstarted godwits increased the number of fledg-
lings at the Ouse Washes between 2017 and 2022 by an
average of 626%, from ~4 fledglings per year to ~28 per
year (Fig. 3). Over this time, 23 chicks fledged from the
wild, 16 (70%) of which were from a pair with at least one
headstarted bird (Fig. 3). With the addition of released birds,
the total number of fledglings at the Ouse Washes increased
to 167 between 2017 and 2022 (Fig. 3).

Population modelling

Without headstarting, the number of godwits breeding at the
Ouse Washes was predicted to remain at ~2-3 pairs by
2022, while headstarting for 5 years was expected to boost
the sub-population to ~25 pairs (Fig. 4a). The number of
breeding pairs observed at the Ouse Washes 2018-2022
closely followed the initial predictions, increasing from 3
pairs at the start of the project in 2017, to 19 pairs in 2021
(Fig. 4a). It dropped to 16 pairs in 2022, likely as planned
headstarting in 2020 was not possible.

Modelling with the observed wild productivity from 2013
to 2022 (0.57) and projecting forward, the sub-population is
predicted to moderately increase. Using the survival values
for wild-reared godwits in the Fens (0.9; Verhoeven
et al., 2021), numbers are expected to reach ~46 pairs by
2047 (Fig. 4b). Incorporating the (lower) apparent survival
values for headstarted birds (see Methods), increases to ~41
pairs by 2047 are predicted (Fig. 4b).
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Figure 3 Number of godwit fledglings at the Ouse Washes between 2017 and 2022. Grey = number of chicks fledged in the wild from pairs
with wild-reared (WR) only parents (dark grey) and with at least one headstarted (HS) parent (light grey); orange = total number of head-
started chicks released to the Ouse Washes that year.
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Figure 4 Predicted, observed and projected number of godwit pairs at the Ouse Washes. (a) Mean predicted number of pairs prior to the
trial (2001 to 2022) without headstarting (No HS = light grey) and with headstarting (HS = dark grey) using average productivity (2007-2016);
orange dash line = observed number of pairs up to 2022. (b) Mean projected number of pairs from 2022 to 2047 using average productivity
observed 2013-2022: WR (dark orange) = projections using wild-reared survival; WR & HS (light orange) = projections using the headstarted
and subsequently wild-reared survival estimates, see Methods for further details. Models exclude density dependence. See Table A1 for a
list of all parameter values used in the population models.

release area to breed. Therefore, headstarting achieved our
original aim of boosting the threatened sub-population of
We show that black-tailed godwits can be successfully godwits breeding at the Ouse Washes and providing demo-

Discussion

hatched and reared in captivity, and after release, numbers graphic rates do not decline, numbers of breeding pairs are
sufficient for population growth survive and return to the expected to moderately increase over the next few decades.
8 Animal Conservation ee (2024) ee—ee © 2024 Zoological Society of London.
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Headstarting godwits

In common with many waders, population declines of god-
wits across their breeding range are caused by low produc-
tivity (Ratcliffe, Schmitt, & Whiffin, 2005; Gill et al., 2007,
Roodbergen & Klok, 2008), as opposed to adult mortality
(Verhoeven et al., 2021), and conservation measures are
urgently required. Interventions aiming to improve productiv-
ity for waders have been developed, including predator
exclusion (e.g. Malpas et al., 2013, showed increased lap-
wing Vanellus vanellus productivity from 0.23 to 0.79
chicks/pair), lethal predator control (e.g. Baines et al., 2023,
reported that curlew Numenius arquata productivity was four
times higher on grouse moors with lethal control compared
to non-grouse moors) and diversionary feeding (e.g. Mason
et al., 2021, concluded that lapwing productivity increased
from 0.47 to 1.02 fledglings/pair in years of diversionary
feeding of red kites Milvus milvus). Headstarting helps
ensure the safety of eggs and chicks from various pressures
limiting breeding success, especially predation (Laidlaw
et al., 2021), flooding and drought. Hatch failure in captivity
can impact translocation efforts (Edwards et al., 2021), but
we show that a high hatch to fledging rate can be achieved
for godwits, similar to other species (e.g. 85% of viable pip-
ing plover eggs collected hatched and 74% of eggs collected
were released as chicks (Roche, Cuthbert, & Arnold, 2008);
81% of spoon-billed sandpipers eggs hatched, with a fledg-
ing rate of 93% (Loktionov et al., 2023)), even for eggs in
poor condition at the time of collection that would not other-
wise have hatched. In turn, the improvement to wader pro-
ductivity that can be achieved via headstarting is an order of
magnitude greater compared to other conservation measures
designed to boost fledging success, with on average over six
times the number of fledglings at the Ouse Washes during
years of headstarting compared to those without.
Translocations aiming to restore or supplement specific
populations fail if the translocated individuals move to unsui-
table areas, or recruit outside the target population (Skjelseth
et al., 2007; Roe et al., 2010). Thus, to determine whether
the overarching goal of boosting the number of breeding
pairs through headstarting in the target area had been
achieved (Van Heezik, Maloney, & Seddon, 2009), we
included only those birds that returned to the Ouse Washes
in our apparent survival estimates. Direct comparison of sur-
vival estimates with wild-reared juveniles is difficult since
data are limited (Gill et al., 2007). Our estimate of 1-year-
old survival (0.50) is slightly higher than for other popula-
tions (Roodbergen, van der Werf, & Hoetker, 2012), poten-
tially because headstarted godwits are released in good
condition having had access to sufficient food and protection
during rearing (Donaldson, Bridge, & Hilton, 2023). Alterna-
tively, previous values may have underestimated survival,
partly because they often include ringed chicks that do not
fledge (Roodbergen, van der Werf, & Hoetker, 2012), and
we have benefited from all (headstarted) juveniles being
marked, confirmed fledged, and closely monitored in the
years following release. Annual survival estimates for
wild-reared adult godwits have also been variable at 0.80

Animal Conservation ee (2024) ee—ee © 2024 Zoological Society of London.
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and 0.85 (0.84-0.87) for a population in the Netherlands
(Roodbergen, van der Werf, & Hoetker, 2012; Kentie
et al., 2016), and 0.90 (0.81-0.95) for godwits breeding at
the Nene Washes (Verhoeven ef al., 2021). Our estimates for
headstarted birds released at the Ouse Washes are lower
(0.82), although the confidence intervals for these estimates
overlap previous higher estimates. Since there is limited
comparable information on marked wild-reared adults breed-
ing at the Ouse Washes, it is not possible to determine
whether true survival of headstarted birds returning to the
Ouse Washes is lower than wild-reared equivalents, or
because we have excluded emigration to other locations.
Godwits show strong natal philopatry (Groen &
Hemerik, 2002), and most surviving headstarted godwits did
return to their natal site. From the 81 marked godwits
released at the Ouse Washes between 2017 and 2019, four
recruited to the Nene Washes (thus known alive) and one
was confirmed breeding in the Netherlands. Including these
would increase the estimates of headstarted survival hence,
in contrast to other estimates available for comparison, our
values represent minimum rates.

As well as requiring individuals to return to the target
area, translocations also rely on the released individuals
breeding successfully (Van Heezik, Maloney, & Sed-
don, 2009). Translocations have failed to achieve desired
results when those released have shown low probabilities of
pairing or attempting to breed (e.g. Loktionov et al., 2023),
or of breeding successfully (Berger-Tal, Blumstein, & Swais-
good, 2020; Beckmann et al., 2022). Godwits were assumed
to recruit at 2 years old (Groen & Hemerik, 2002; Ratcliffe,
Schmitt, & Whiffin, 2005), though some godwits first
attempted to breed at 1 year old; hence, the population
increased earlier than predicted (Fig. 4a). This could be
related to low densities of godwits at the release site leading
to opportunities to acquire territories sooner than expected,
headstarted birds receiving a stronger start in life, improving
fitness and enabling earlier breeding (e.g. Spagopoulou
et al., 2020), or because the population is marked and inten-
sively monitored with high detection rates. Finally, although
we were unable to compare fledging success of headstarted
parents versus wild-reared parents due to the very small
numbers of wild fledglings across the years of study
(Fig. 3), our analysis suggests that nesting attempts by pairs
with a headstarted bird are as successful as wild-reared pairs,
and thus find no evidence for an inability of captive-reared
godwits to compete for mates, select suitable nesting habitat
and sufficiently protect eggs from potential threats (Roche,
Cuthbert, & Arnold, 2008).

Future for godwits at the Ouse Washes

Releasing headstarted godwits significantly boosted produc-
tivity at the Ouse Washes and as predicted, the number of
breeding pairs is substantially higher than at the start of this
period. Providing productivity does not drop to levels lower
than the average calculated over the past 10 years, and there
are no new threats to adult survival at non-breeding areas
(Gill et al., 2007), numbers are predicted to increase
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moderately in the coming decades. If the survival of adult
headstarted godwits breeding at the Ouse Washes is lower
than estimates for those breeding at the nearby Nene
Washes, the predicted numbers will be slightly smaller than
if the population consisted solely of wild-reared individuals
with these higher values. Nevertheless, headstarted birds sur-
vive and recruit at levels required for a significant recruit-
ment boost and which facilitate continued population growth
in the future, while representing a transient population com-
ponent that will eventually be replaced by wild-reared off-
spring. To maintain this population, further efforts to
increase wild productivity are crucial. Despite measures to
improve conditions at the Ouse Washes, including the crea-
tion of additional flood-free habitat and anti-predator fencing
(Verhoeven et al., 2022; Batey et al., 2023), godwit produc-
tivity in the Fens continues to be constrained by high levels
of nest and chick predation.

Headstarting as a tool for wader
conservation

Headstarting to help improve the threatened status of many
wader populations, particularly in Europe, has generated con-
siderable interest in recent years, and has been attempted for
Eurasian Curlew in the United Kingdom (Colwell
et al., 2020) and Dunlin (Calidris alpina schinzii) in
Sweden', for example. Our study has provided a unique
opportunity to gather valuable information on a
well-monitored wader population, to measure the movements,
survival and recruitment of headstarted individuals, from
which other wader headstarting projects can learn and
develop proposals accordingly. Ultimately, we have shown
that headstarting can boost small populations of a threatened
wader in the short-term. In turn, this can provide more time
for conservation measures to take effect and help kick-start
longer term population recovery. Given the time, finances
and expertise required for headstarting, it is most cost-
effective and practical on a relatively small scale, and the
benefits to population growth are more apparent when
applied to small populations. Moreover, it can be targeted at
specific populations for species that demonstrate high natal
philopatry. Headstarting does not solve any of the underlying
problems causing population declines, but can be viewed as
another tool in the conservation toolbox to aid the recovery
of threatened species.
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Endnote
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Table Al. Demographic parameters used in the population
models for the pre-trial predictions and post-trial projections.
See Methods for further details.

Table A2. Full model selection for the impact of
age ("age-class’ = 1 year old and adult [2+ years old]) and
release year on survival (f) and age ("age-class’) and time on
resighting probability (p), of headstarted birds returning to
the Ouse Washes, adjusted by estimated median chat (1.13).
K = number of parameters.

Table A3. Number of male and female headstarted god-
wits age 1-5 years old (calendar years 2—6, where year of
fledging = calendar year 1) that have returned to the Ouse

Animal Conservation ee (2024) ee—ee © 2024 Zoological Society of London.
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Washes (excluding any returned to the Nene Washes, see
Methods for details) and were not breeding, or breeding at
this site 2018-2022.

Table A4. Beta coefficients of the top model describing
daily nest survival of godwits (see Table 4b). CI = 95% con-
fidence interval.

Appendix S1. Predicted impact of egg harvesting on
donor area.

Figure Al. Predicted and observed number of pairs breed-
ing at the Nene Washes with and without egg extraction for
headstarting.

13

509017 SUOLULIOD SISO 3|01 (ddke aU) A PoUBAOB 18 SDDILE VO ‘35N JO SBINI 0} ARiq 1 BUIIUO AB]1A UO (SUONIPUOD-pUE-SWLBY W00 A3 A ARG PUI|UO//:ST1IY) SUONIPUOD PUE S | 3L 39S *[1202/60/2] U0 Akeii aUlIUO AB]1M ‘91 Ad #8621 A% TTTT OT/10p/LI0D"AB] 1M ATeIq1jpujuo'suo Iea1iand 525y o1 ppeojumod ‘0 ‘S62T69vT



	Outline placeholder
	 Abstract
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Headstarting
	2.3 Monitoring
	2.4 Statistical analyses
	2.4.1 Apparent survival
	2.4.2 Recruitment into target area
	2.4.3 Daily nest survival

	2.5 Population models
	2.5.1 Pre-trial predictions
	2.5.2 Model parameterization
	2.5.3 Population trajectories
	2.5.4 Post-trial projections


	3 Results
	3.1 Rearing and release
	3.2 Apparent survival
	3.3 Recruitment into target area
	3.4 Daily nest survival
	3.5 Ouse Washes sub-population
	3.6 Population modelling

	4 Discussion
	4.1 Headstarting godwits
	4.2 Future for godwits at the Ouse Washes
	4.3 Headstarting as a tool for wader conservation

	 Acknowledgements
	 Author contributions
	 References
	Supporting Information


