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Invasive non-native species are one of the greatest drivers of biodiversity loss on islands world-
wide. Eradication of invasive species is an efficient way to restore island ecosystems, but on 
inhabited islands it can be problematic to eradicate species that are valued by humans, such as 
cats (Felis catus). Permanent control of only the feral segment of such species may nonetheless 
have beneficial effects on native biodiversity. Here we describe the population recovery of the St 
Helena Plover (Charadrius sanctaehelenae) after feral cat control was introduced on the island 
in 2012. We counted the global population every year and monitored the success of 655 nests 
between 2011 and 2018. Since 2012 a total of 183 feral cats were removed in 12,559 trap nights 
in the two key breeding areas of the St Helena Plover. The breeding success in those two areas 
increased from 6.4% to 30.1% of pairs being able to raise at least one fledgling. The St Helena 
Plover population increased from 364 in 2011 to 627 adult individuals in 2018. Although cat 
trapping effort has been significantly reduced since 2012, the plovers’ mean breeding success 
remained >15% in all years since 2012. Simultaneously implemented activities to reduce the 
number of fertile house cats and an awareness raising campaign to reduce the number of released 
cats have likely also contributed to a lower predation pressure. Overall, this example demon-
strates that a globally threatened bird species can be safeguarded by targeted feral cat control.
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Invasive non-native species are one of the 
greatest drivers of human-caused loss of bio-
diversity worldwide (Simberloff et al. 2013, 
Maxwell et al. 2016), and many species that 
are endemic to islands are threatened by 
invasive species (Spatz et al. 2017). Mam-
malian predators like cats Felis catus have 
been introduced to many islands, and have 
caused the decline or extinction of many 
island-endemic species (Medina et al. 2011, 
Nogales et al. 2013). Over the past 40 years, 
conservation managers have eradicated inva-
sive mammals from many islands to benefit 
globally threatened biodiversity (Jones et al. 
2016). However, especially on islands with 
human populations that value some invasive 
species as domestic companions or as live-

stock, eradication of invasive species can be 
complicated (Ogden & Gilbert 2009, Oppel 
et al. 2011, Glen et al. 2013). Long-term con-
trol of invasive cats, where the population is 
reduced but not eliminated, may nonetheless 
be a practically feasible and potentially ben-
eficial conservation management option on 
such islands (Smith et al. 2010, Hartway & 
Mills 2012, Cruz et al. 2013).

The St Helena Plover Charadrius sanctae-
helenae is a globally threatened wader that 
inhabits natural semi-desert and anthropo-
genic pasture habitats on the island of St Hel-
ena, a United Kingdom Overseas Territory in 
the South Atlantic Ocean. Since its discovery 
by Portuguese sailors in 1502, St Helena has 
lost six endemic bird species likely due to 

Introduction

As espécies não-nativas invasoras são uma das maiores causas de perda de biodiversidade em 
ilhas por todo o mundo. A erradicação de espécies invasoras é uma maneira eficiente de restaurar 
ecossistemas insulares, mas em ilhas habitadas pode ser problemático erradicar espécies que são 
valorizadas pelo Homem, como o gato (Felis catus). O controlo permanente de animais assil-
vestrados pode, no entanto, ter efeitos benéficos sobre a biodiversidade nativa. Neste estudo, 
descrevemos a recuperação populacional do Borrelho de Santa Helena (Charadrius sanctae-
helenae) após o início do controlo de gatos assilvestrados na ilha de Santa Helena, em 2012. 
Foram realizadas contagens anuais da população global de borrelhos e monitorizado o sucesso 
de 655 ninhos entre 2011 e 2018. Desde 2012, um total de 183 gatos assilvestrados foram 
removidos ao longo de 12,559 noites de armadilhagem nas duas principais áreas de reprodução 
do borrelho de Santa Helena. O sucesso reprodutor dos borrelhos nessas duas áreas aumentou 
de 6.4% para 30.1% de casais capazes de criar pelo menos uma cria. Como consequência, a 
população do Borrelho de Santa Helena aumentou de 364 em 2011 para 627 em 2018. Embora 
o esforço de captura de gatos tenha sido reduzido significativamente desde 2012, o sucesso 
de reprodução permaneceu elevado. Atividades simultaneamente implementadas para reduzir o 
número de gatos domésticos férteis e uma campanha pública de consciencialização para reduzir 
o número de gatos libertados terão também provavelmente contribuído para uma menor pressão 
de predação. Este exemplo demonstra que uma espécie de ave globalmente ameaçada pode ser 
protegida pelo controlo de gatos assilvestrados.

RESUMO

Palavras-chave: ave limícola, controlo de predadores, espécies invasoras, restauro insular.
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the effects of introduced mammals (Ashmole 
1963), and the St Helena Plover declined 
substantially between the 1980s and 2000s 
as a consequence of agricultural changes and 
the effects of feral cat predation (McCulloch 
1991, McCulloch 2009, Burns 2011, Burns 
et al. 2013a). After initial concerns over 
habitat loss caused by the abandonment of 
pastures and subsequent vegetation succes-
sion (McCulloch & Norris 2001, McCulloch 
2009), more intensive grazing was initiated 
to maintain or restore the habitat quality of 
some pasture habitats. However, predation 
by introduced feral cats was sufficiently high 
to potentially explain population declines 
(Burns 2011, Burns et al. 2013a), which 
triggered additional research to reduce pre-
dation pressure (Burns et al. 2013b). From 
2011-2013 an experimental study was con-
ducted to examine whether feral cat trapping 
could benefit the St Helena Plover, and this 
study concluded that breeding success would 
increase especially in semi-desert habitats 
(Oppel et al. 2014). However, this experi-
ment could not evaluate whether the increase 
in breeding success would be sufficient to 
lead to a population recovery.

Here we describe the population recovery 
of the St Helena Plover that started in 2006 
and ultimately led to the species being down-
listed from ‘Critically Endangered’ to ‘Vul-
nerable’ in 2016. We monitored the global 
population by annual counts across the entire 
island, measured breeding success in two key 
breeding areas between 2011 and 2017, and 
document the cat trapping effort that was 
maintained following the initial cat control 
experiment. Because other conservation mea-
sures, such as intensive grazing to maintain 
pasture habitat quality and public educa-
tion and ordinances to reduce the release of 
domestic cats into the wild, occurred simul-
taneously to feral cat control since 2012, our 
study does not constitute a controlled sci-
entific experiment that can demonstrate the 
causal effect of feral cat control.

Methods
Study area

St Helena is a volcanic island located in 
the South Atlantic (15°58’S, 5°43’W) with 
an area of 124 km2 and a human popu-
lation of approximately 4,500 people. The 
endemic St Helena Plover inhabits various 
treeless habitats, mainly grazed farmland 
and open sandy plains of a semi-desert, 
and the global population of this species is 
distributed among 32 habitat patches. The 
original cat removal experiment focussed 
on 250 ha of sheep grazed grasslands at 
the south-western tip of St Helena, and 
215 ha of semi-desert in the eastern part 
of the island, which together hosted around 
30% of the global population (Burns 
2011, Oppel et al. 2014). Since 2012, the 
semi-desert area has been extensively mod-
ified due to the construction of an airport, 
leading to large-scale re-distribution of 
rock and soil, levelling of a broad and for-
merly undulating rocky area, and the con-
struction of roads, terminal facilities, and a 
runway. Although this construction led to 
major changes in the habitat, a mitigation 
protocol was in place that mandated that 
the construction company restored suitable 
habitat elsewhere on the island, avoided 
loss of any St Helena Plovers through nest 
monitoring and local deferral of disturbing 
activities, and the implementation of feral 
cat control.

Here we focus on two sites where cat 
trapping and monitoring were continued 
until 2017, the semi-desert area included 
in the original study (“Prosperous Bay”) 
where airport construction occurred, and 
a pasture area (“Deadwood”) c. 3 km to 
the north, which encompasses c. 320 ha of 
pasture and holds the second largest con-
gregation of St Helena Plovers (McCulloch 
& Norris 2001, McCulloch 2009), but was 
not included in the experimental study of 
cat control (Oppel et al. 2014).
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Feral cat trapping and removal

The density of feral cats on St Helena was 
estimated at 3.9 cats/km2 in our study area in 
the semi-desert, and 8.7 cats/km2 at another 
study area with similar pasture habitat as 
Deadwood, during an intensive study in 2011 
before cat control began (Oppel et al. 2014). 
In addition, St Helena inhabitants own over 
1,000 domestic cats, most of them free-rang-
ing. Since 2012, a public ordinance requires pet 
owners to have their cat registered and micro-
chipped, which allowed instant identification 
of domestic cats in the field. We used live cage 
trapping so that any domestic cats could be 
released, which was labour-intensive but criti-
cal to maintain public support (Ratcliffe et al. 
2010, Oppel et al. 2014). Cat trapping was 
initiated in May 2012, and traps were baited 
with food, placed where cats had been previ-
ously seen or caught, and checked daily. Trap-
ping effort and trap placement varied among 
years depending on available staff, but traps 
were generally placed in areas where capture 

probability was considered to be highest based 
on past experience. Trapped cats were first 
checked for micro-chips and compared against 
a photographic library of domestic cats to 
avoid euthanasing domestic cats. Non-regis-
tered feral cats were euthanased unless their 
behaviour allowed domestication. The control 
procedures were carried out by staff trained 
by a veterinary surgeon and approved by the 
state veterinary service of St Helena. 

Intensive feral cat trapping continued 
until September 2012, after which trapping 
was considerably reduced. Due to the daily 
trap checks, intensive feral cat control could 
not be sustained constantly, hence trapping 
focussed on the peak season of the breed-
ing period between September and March 
at each site, and details on the cat trapping 
effort are provided in Table 1. Feral cat con-
trol also occurred intermittently at other sites 
on St Helena between 2012 and 2017, but 
these efforts are not described here because 
they do not correspond to available monitor-
ing data of St Helena Plovers.

SITE SEASON
MONTHS 

OF TRAPPING 
EFFORT

TOTAL 
TRAPPING 

EFFORT 
(TRAP NIGHTS)

TOTAL 
NUMBER 

OF CATS CAPTURED

% DOMESTIC 
PETS

CATS 
CAPTURED 

/ 100 TRAP NIGHTS

Deadwood

2012-2013 16 2586 43 16.3 1.66

2013-2014 12 1302 18 11.1 1.38

2014-2015 0 0 0 --- 0

2015-2016 2 120 2 0 1.67

2016-2017 7 276 7 14.3 2.54

Table 1 - Cat trapping effort in two key breeding areas of St Helena Plover on the island of St Helena between 2012 and 2017. 
For each breeding ‘season’ (generally between September and March of the following year) we provide the trapping effort and 
the number of cats captured (both feral and domestic), plus the percentage of captured cats that were domestic pets (identified 
by photos or implanted transponder, a legal requirement since 2012). 

Tabela 1 - Esforço de captura de gatos nas duas principais áreas de reprodução do Borrelho de Santa Helena na ilha de 
Santa Helena entre 2012 e 2017. Para cada época de reprodução (que decorre maioritariamente entre Setembro e Março do 
ano seguinte) são apresentados o esforço de armadilhagem, o número total de gatos capturados e a percentagem de gatos 
domésticos capturados (identificados através de fotografias ou da presença de micro-ship).
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Nest monitoring and Calculation 
of Breeding success

St Helena Plovers can nest year-round, but 
the majority of the population breeds at least 
once between September and March without a 
pronounced peak with synchronised breeding 
activity (McCulloch 1991, Burns 2011). Nest 
monitoring followed established procedures 
for this species (Burns et al. 2013a, Oppel et 
al. 2014), which consisted of continuously 
searching for nests by following behavioural 
cues of adult birds between September and 
March of the following year. Once found, 
nests were visited approximately weekly and 
were checked from a distance to avoid dis-
turbance during incubation, which typically 
lasts 28 days (McCulloch 1991, Burns 2011). 
Once chicks had hatched, the area where 
adults would lead their dependent young was 
checked at least once per week until chicks had 
grown wing feathers and were able to fly, usu-
ally at the age of 36 days (McCulloch 1991, 
Burns 2011). Nests were classified as success-
ful if at least one chick survived until fledging, 
and classified as unsuccessful if the nest scrape 
was found empty during incubation or if par-
ent birds were encountered without dependent 
young during the time of chick rearing. 

 Due to the variable monitoring effort 
we were not able to estimate nest survival, 
and therefore calculated breeding success as 
the proportion of nests that managed to raise 
at least one fledgling. We then estimated the 
effect of feral cat control (as a binary vari-
able) using a generalised linear mixed model 
with breeding success as a binary response 
variable, site and cat control as fixed factors, 
and year as a random effect to account for 
annual variation in weather and other events 
that may affect breeding success. We fit this 
model in R3.4.2 using the package lme4 
(Bates et al. 2014), and we present mean and 
95% confidence intervals of model-derived 
breeding success estimates for all years and 
both study sites.

Monitoring of global population size

Censuses of the global population of St 
Helena Plovers followed established proto-
cols (McCulloch & Norris 2001, McCulloch 
2009) and occurred in January each year, 
when 32 census areas were visited once during 
a three-week period. St Helena Plovers are 
territorial and easily detectable in their open 
breeding habitat, and January is the time of 
year with the greatest proportion of the pop-

SITE SEASON
MONTHS 

OF TRAPPING 
EFFORT

TOTAL 
TRAPPING 

EFFORT 
(TRAP NIGHTS)

TOTAL 
NUMBER 

OF CATS CAPTURED

% DOMESTIC 
PETS

CATS 
CAPTURED 

/ 100 TRAP NIGHTS

Prosperous 
Bay

2012-2013 16 2119 36 16.7 1.70

2013-2014 12 1648 36 16.7 2.18

2014-2015 10 1397 19 0 1.36

2015-2016 12 2042 28 0 1.37

2016-2017 12 1069 16 0 1.50
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ulation nesting and therefore tightly associ-
ated with their territories (McCulloch 1991, 
McCulloch 2009). Observers walked along 
transects that ensured that all areas within a 
census block were approached to within 25 
m to ensure that no birds were missed during 
the surveys. Observer teams (2-3 people), 
identity of observers, and the observation 
effort were similar in all years, hence we did 
not expect systematic variation in count data 
due to observer effects. Because St Helena 
Plovers are reluctant to fly, and generally only 
fly very short distances when accidentally dis-
turbed, the risk of double-counting the same 
birds was relatively small (McCulloch 2009). 
We classified encountered birds into three age 
categories, namely breeding adult, recently 
fledged juvenile and chicks prior to fledging. 
We present the total number of adults only 
since recently fledged juveniles may be more 
mobile and may move between census areas.

We estimated the population trend for 
the global population by using a hierarchi-
cal state-space model for population counts, 
which decomposed the monitoring data into 
a population process and an observation 
error component (de Valpine 2003, Clark 
& Bjørnstad 2004, Kéry & Schaub 2012). 
State-space models allow a more accurate 
estimate of population trend than standard 
linear models because they explicitly allow 
for environmental stochasticity (Wilson et al. 
2011, Kéry & Schaub 2012). Our model fit-
ted the log-transformed count data to a nor-
mal distribution, and allowed for normally 
distributed observation errors around each 
annual count. We implemented the state-
space model in a Bayesian framework to 
properly account for error propagation when 
summing population sizes and averaging 
growth rates over time. We fitted the state-
space models using Markov Chain Monte 
Carlo methods in NIMBLE v. 0.6-11 (de Val-
pine et al. 2016). We ran four Markov chains 
each with 50,000 iterations and discarded 
the first 35,000 iterations to ensure that the 

models converged. Convergence was tested 
using the Gelman-Rubin diagnostic (Brooks 
& Gelman 1998), and all parameters had 
values of R-hat <1.02. We report estimated 
global population size for each year and the 
mean annual population growth rate as the 
posterior median and 95% credible intervals 
(Kéry & Schaub 2012).

Results

Between May 2012 and August 2017 we 
captured 183 feral cats and 22 domestic pet 
cats during 12,559 trapping nights in the 
two focal breeding areas (Table 1). On aver-
age, we captured 1-2 feral cats per 100 trap 
nights, and this capture rate did not appear 
to decline markedly over the years (Figure 1), 
presumably because cats continuously re-in-
vade our controlled sites from surrounding 
populations.

Despite the gradual decline in trapping 
effort and the number of cats removed every 
year (Table 1), the breeding success of St Hel-
ena Plovers remained relatively high since 
the feral cat trapping was initiated in May 
2012 (Figure 1). We monitored a total of 655 
nests (n = 390 at Deadwood, and n = 265 
at Prosperous Bay), and the average breeding 
success prior to feral cat trapping was 6.5%, 
but increased to 30.5% since 2012 (Figure 1). 
The model accounting for site and random 
year effects found a positive effect of feral cat 
control on breeding success (ß = 1.91, stan-
dard error = 0.61, p = 0.002; Figure 1).

The global population of St Helena Plovers 
decreased between 1999 and 2006 (McCull-
och 2009), but increased over the past 12 
years to population sizes that exceeded any 
previous records (Figure 2). The long-term 
population growth rate was estimated to be 
2.1% (95% credible interval -7.1 – 11.2%), 
and the largest annual growth rate was esti-
mated between 2015 and 2016 when the pop-
ulation increased by 19.1% (-3.1 – 37.1%, 
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Figure 2). The global population exceeded 
600 adult birds for the first time in 2018 with 
a raw count of 627 birds and a population 
estimate of 619 (486 – 729) birds (Figure 2).

Discussion

The St Helena Plover population has recov-
ered since its historic low point in 2006 as 
a consequence of substantial conservation 
efforts. These conservation efforts included 
habitat restoration and the resumption of 

intensive grazing regimes that led to shorter 
vegetation and thus more suitable habitat 
(McCulloch & Norris 2001, McCulloch 
2009). In addition, feral cat control and other 
measures such as public awareness campaigns 
aiming to increase the number of neutered 
domestic cats and the reduction of the com-
mon practice to release unwanted kittens into 
the wild were implemented on St Helena to 
limit the size of the feral cat population (Burns 
et al. 2013a, Oppel et al. 2014). We have 
shown here that the breeding success of St 
Helena Plovers increased roughly 5-fold since 

Figure 1 - Estimated breeding success of St Helena Plovers and number of feral cats captured per 100 trap nights in two 
study areas on St Helena between 2011 and 2017. Breeding success is shown with 95% confidence intervals derived from 
a generalised linear mixed model accounting for site and year effects; numbers above the x-axis indicate the number of 
monitored nests per site and year.

Figura 1 - Estimativas do sucesso reprodutor do borrelho de Santa Helena e número de gatos assilvestrados capturados por 
100 armadilhas.noite nas duas áreas de estudo da ilha de Santa Helena entre 2011 e 2017. O sucesso reprodutor é apresentado 
com intervalos de confiança de 95% estimados a partir de um modelo linear generalizado misto em que o local e o ano foram 
incluídos como factores. Os valores sobre o eixo do x indicam o número de casais monitorizados em cada local e cada ano.
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feral cat control was introduced, and we there-
fore believe that this sustained effort to sup-
press feral cat populations has contributed to 
the recent population recovery of the species.

Feral cat control is unlikely to be the sole 
reason for the population recovery. The recov-
ery started several years before feral cat con-
trol was initiated, and this early recovery was 
most likely due to the restoration of aban-
doned pastures. In addition, legislation in 
effect since 2012 mandates that all domestic 
cats must be registered and micro-chipped, 
and there is a financial incentive for cat owners 
to have their pets neutered, which may have 
also led to a lower feral cat population on the 
island in general, although this effect cannot 
be quantified. However, the period of feral 
cat control coincided with the construction of 
an airport in one of the core breeding habi-
tats of the St Helena Plover, which could have 
potentially had a very negative effect on the 
population. Despite the destruction of several 

hundred hectares of formerly suitable habitat 
and the disturbance of traffic and explosives, 
the plover population continued its upward 
trajectory throughout the construction of the 
airport. While feral cat control and construc-
tion activities occurred simultaneously and 
therefore have confounding effects on plover 
population size, we believe that it is possible 
that feral cat control effectively mitigated 
against the negative effects of habitat destruc-
tion caused by the construction of the airport.

Predator control operations are often logis-
tically challenging and expensive (Moseby et 
al. 2009, Bengsen et al. 2012), which limited 
the intensity of the feral cat control in our 
project. Maintaining, setting and checking 
traps and humanely euthanasing cats, as well 
as liaising with cat owners to raise awareness 
and minimise risks to domestic cats would 
have required two full time staff members, but 
since 2014 only one staff member was avail-
able for this task. Hence, cat control efforts 

Figure 2 - Estimated global population size of adult St Helena Plovers between 1999 and 2018. Population size was estimated 
with a state-space model accounting for environmental stochasticity and random observation error; error bars represent 95% 
credible intervals.

Figura 2 - Estimativa da população de Borrelho de Santa Helena (número de aves adultas) entre 1999 e 2018. O número 
de indivíduos foi estimado com base em modelos de estados de espaço que consideram a estocasticidade ambiental e erros 
aleatórios de observação. As barras de erro representam intervalos de credibilidade de 95%.
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were reduced (Table 1) and focussed on the 
peak breeding period between September and 
March. Despite the reduction in overall effort, 
the breeding success of St Helena Plovers at 
the two study sites remained higher in all years 
since 2012 than in 2011 (Figure 1) and in pre-
vious years before feral cat control was initi-
ated (McCulloch 1991, Burns 2011, Burns et 
al. 2013a). Ongoing re-colonisation of study 
areas by feral cats is a common concern in any 
control operation and may reduce the benefi-
cial effects of feral cat control (Bengsen et al. 
2011, Bengsen et al. 2012). However, St Hel-
ena Plover nesting success did not decrease 
despite reduction in feral cat trapping effort, 
and we offer two plausible explanations for 
this counterintuitive pattern.

Our data suggest that cats were captured 
at similar rates (1-2 cats/100 trap nights) over 
time regardless of trapping effort (Table 1), 
which could suggest regular re-colonisation 
and relatively constant feral cat densities over 
time despite the control efforts. However, this 
similar trapping efficiency is confounded by 
efforts to deploy traps in areas most likely to 
maximise capture probability, hence it is in 
theory possible that capture rates were main-
tained despite a lower feral cat density. Unfor-
tunately, feral cat density is very difficult and 
labour-intensive to estimate (Kéry et al. 2011, 
Oppel et al. 2012, Oppel et al. 2014), hence 
no independent assessment of cat population 
size over time is available for our study areas. 

Another potential explanation for the ele-
vated breeding success despite reduced trap-
ping effort is the removal of specialised indi-
vidual cats. Predation of threatened species 
such as the St Helena Plover may not be a trait 
common to all individual feral cats on St Hel-
ena, hence the cat control experiment starting 
in 2012 may have initially removed individual 
cats that had specialised on predating plover 
nests or chicks (Hervías et al. 2014, Moseby 
et al. 2015). If feral cats that subsequently col-
onised our study areas had different dietary 
or hunting preferences, then breeding success 

of plovers may have remained relatively high 
regardless of cat density returning gradually to 
previous levels as long as none of the re-colo-
nising cats were specialist predators of St Hel-
ena Plovers (Moseby et al. 2015). Because plo-
ver eggs or chicks are unlikely to form a major 
dietary component even for specialised pred-
ators, identifying the specialists and targeting 
them for capture and removal is unlikely to 
be practically feasible. Hence, while predator 
profiling and selective removal may in theory 
result in similar benefits to native biodiver-
sity as blanket feral cat control (Moseby et al. 
2015), this approach is unlikely to be practical 
for the conservation of St Helena Plovers. 

We therefore encourage both the UK and 
the St Helena Governments to support con-
tinuing measures to reduce the pressure of 
domestic cats on wildlife (Calver et al. 2011, 
Loss et al. 2013). The long-term implemen-
tation of cat control will require consistent 
financial input and will only be an economic 
solution once the source of feral cats from 
unwanted domestic cats can be curtailed. 
Although there is much public controversy 
over the need for the control of feral cat pop-
ulations (Loss & Marra 2018), there is over-
whelming scientific evidence for the negative 
effects of feral cats on wildlife especially on 
islands (Bonnaud et al. 2010, Medina et al. 
2011, Nogales et al. 2013). Our study con-
tributes further evidence that feral cat control 
can increase breeding success and contribute 
to the population recovery of globally threat-
ened species.
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