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In the current biodiversity crisis, conservation efforts are often focused on extinction pre-
vention. However, it can be difficult to determine if a species is extinct, especially if the
species has an extensive range, including being a transcontinental migrant, or is poorly
known. The breeding range of the migratory Critically Endangered Slender-billed Curlew
Numenius tenuirostris is uncertain, and the species has an extensive non-breeding range
that spans central Asia, eastern Europe, the Middle East, the Mediterranean basin and
the northwest African coast. There have been no incontrovertible sightings since 1995.
In this time, extensive and intensive searches for the species have continued. Using an
IUCN extinction probability framework, we incorporate potential threats to the species,
search effort and past records (museum specimens and confirmed and unconfirmed sight-
ings, all of which are primarily from its non-breeding range) to assess the probability of
extinction. The model indicates that there is a 96.0% probability that Slender-billed Cur-
lew is no longer extant, classing it as Extinct according to IUCN Red List guidelines. Pos-
terior probability Bayesian extinction date estimation modelling suggests an extinction
year around the time of the 1995 sighting. Although several threats to the species have
been suggested, those that definitively drove the species to extinction will never be
known. Other species of Numenius are under a range of pressures, and many are recog-
nized as globally threatened. To ensure the continued survival of all shorebird species,
we advocate flyway-scale concerted, coordinated action, and caution against complacency
even for widespread but threatened taxa in Europe.
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Biodiversity faces a crisis, with global extinction
rates estimated to be orders of magnitude greater
than background rates (de Vos et al. 2015). The
actual annual extinction rate of species is unknown
because of the number of species that are unde-
scribed or have not had their status explicitly eval-
uated. Even when species have been described by

western science, their status is often uncertain
(Cazalis et al. 2023). Vertebrates are compara-
tively well covered by IUCN Red List assessments,
meaning uncertainty is often lower for these clas-
ses (Cowie et al. 2022). Birds are among the best
monitored and studied taxonomic groups (Moussy
et al. 2022), something facilitated by their visibility
and considerable interest to non-scientists (Green-
wood 2007). Despite this, many species are known
from a small number of specimens, and/or have
not been documented in the wild for many years
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(Martin et al. 2023). Some bird species have been
rediscovered after more than a century without
observation (e.g. Black-browed Babbler Malacocin-
cla perspicillata; Akbar et al. 2021), and hence the
absence of recent confirmed sightings is not, in iso-
lation, an appropriate criterion for declaring a spe-
cies extinct. The erroneous classification of a
species as extinct can lead to the ‘Romeo Error’, a
circumstance when effort to conserve a species is
halted prematurely, resulting in its (otherwise pos-
sibly preventable) extinction (Collar 1998). By
contrast, the continued allocation of resources to
conserve a species that is extinct risks a waste of
finite conservation resources (Akçakaya
et al. 2017, Troy & Jones 2023). Therefore, we
need assessments of extinction probability to be
consistent, objective and evidence-based.

The IUCN Red List currently assesses
Slender-billed Curlew Numenius tenuirostris as
Critically Endangered, based on a presumed
declining, small population (<50 birds; BirdLife
International 2023). As far as is known, the species
is restricted almost entirely to the Palaearctic,
breeding in central Asia and migrating to Europe,
North Africa, the Middle East and the Arabian
Peninsula (Gretton 1991, Donald et al. 2010). The
purported breeding sites were to the east of the
Ural Mountains around an area near Omsk in
southern Russia (Ushakov 1912, 1925, Gret-
ton 1991). Stable-isotope analysis indicated that
the main breeding area might have been further to
the south in northern Kazakhstan (Buchanan
et al. 2018), supporting a previous suggestion by
Belik (1994). The locations assigned to eggs in
museum collections indicate that the species might
have also nested to the west of the Urals (Bond &
Buchanan 2022). This migratory species had a
wide distribution away from the breeding areas
(Gretton 1991, Buchanan et al. 2010, Donald
et al. 2010). Birds occurred westwards from cen-
tral Asia towards the North African Atlantic coast,
Mediterranean and Pannonian Plains, and south-
wards to the Middle East and the Arabian Penin-
sula. Birds were recorded across much of Europe,
including records from the Netherlands and a
well-documented record from the 1960s in Brit-
tany, France (Gretton 1991). Most non-breeding
season records came from the Mediterranean
basin, although the last major known wintering
area was on the Atlantic coast of Morocco
(Buchanan et al. 2010). The last site of regular
observation was Merga Zerga, western Morocco,

where the species was present until at least 23
February 1995, with undisputed supporting photo-
graphic evidence (van den Berg 1995).
Slender-billed Curlews were reported at Merga
Zerga in 1997/1998 (Thévenot et al. 2003), but
there are no photographs of these birds (Bergier
et al. 2000).

There have been reports and records of the spe-
cies after 1995 (e.g. Oláh & Pigniczki 2010) but
there are no records with photographs that show
the identity of the bird clearly. This is despite ded-
icated searches for the species (e.g. Gallo-Orsi &
Boere 2001, Crockford & Buchanan 2017) and an
almost certain increase in observer effort, with
improved technology, over time across the entire
range of the species by birdwatchers. In recent
years, reviews of sight and specimen records have
resulted in a clearer understanding of the species’
occurrence in the Middle East (Kirwan
et al. 2015) and Central Asia (Wassink 2016); as a
result, many records have now been rejected or
are currently subject to review.

There are reports (Gretton 1991) that
Slender-billed Curlew was historically common (at
least locally) but it may have been on a trajectory
towards extinction for much of the last century.
As early as 1912 it was suggested that the species
was in decline, not long after the first potential
nests were documented (Ushakov 1912). Declines
of, and concerns about, the species continued,
with the possibility of the species becoming
extinct raised as early as the 1940s (Stresemann &
Grote 1943). Despite this warning, it was not until
1988 that the species was identified as being of
high conservation concern and classified as Threat-
ened (IUCN 1988). A species action plan was pro-
duced in 1996 (Gretton 1996) following a
workshop held in 1994. With a revision to the
IUCN Red List categories and criteria in 1994, it
was assessed as Critically Endangered, which it has
remained since (BirdLife International 2023).
Although the absence of acceptable records since
the mid-1990s could indicate that the species is
extinct, an objective, evidence-based assessment of
the probability of extinction is needed. If con-
firmed, it would join two known Western
Palaearctic extinctions of species. The Great Auk
Pinguinus impennis was last seen alive in 1844
(Fuller 2003), and the Canarian Oystercatcher
Haematopus meadewaldoi was noted as absent
around 1940 (Hockey 2020), although the status
of this as a species remains unclear (Senfeld
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et al. 2020). Slender-billed Curlew differs from
these two species in that they bred on islands,
which tend to have higher rates of extinction
(Loehle & Eschenbach 2012).

Given the potential costs and implications asso-
ciated with inaccurate assessments of extinction,
the IUCN Red List Guidelines (IUCN 2022a,
2022b) describe methods for making assessments
of extinction consistent across species. The
approach combines two models: (1) a threats
model (Keith et al. 2017), which uses the acuity
and spatial occurrence of known and suspected
threats to the species; and (2) a records and survey
model (Thompson et al. 2017), which uses past
observation patterns and survey efforts. Both
approaches output a probability with confidence
intervals that the species is extinct, and these can
be combined in the Framework model to produce
an averaged probability of extinction, or P(E )
(Akçakaya et al. 2017). This approach was tested
to calculate the extinction probability of 61 poten-
tially or confirmed extinct bird species using data
compiled up to 2017 (Butchart et al. 2018); how-
ever Slender-billed Curlew was not included
(though Eskimo Curlew Numenius borealis was)
and has therefore never been assessed against this
framework.

Sightings, especially when supported by evi-
dence that supports the identification such as
photographs and survey data, can also be used to
estimate the date of extinction, based on the
temporal distribution of historical records. Extinc-
tion year estimates and estimating an annual
probability of persistence can be useful when
examining correlates of extinction (Carlson
et al. 2018, Bond et al. 2019, Burgio et al. 2022)
as well as being needed for the Red List Index
(Butchart et al. 2007). Here we apply the IUCN
guidelines and the Framework model to calculate
the probability that the Slender-billed Curlew is
extinct. We assess threats to the species, the
records and surveys for the species, and the com-
bined extinction probabilities from both models
to assess both its extinction probability and year
of extinction.

METHODS

Threats

The ‘threats model’ of Keith et al. (2017) requires
an assessment of the probability that threats have

caused loss of the species at a local and global
scale. This assessment is based on a subjective
assessment of knowledge, guided by text describ-
ing ranges of probability (Keith et al. 2017,
IUCN 2022a). The proximate causes of the
decline of the Slender-billed Curlew remain
unknown (e.g. Donald et al. 2010) although vari-
ous threats have been proposed, supported by
varying degrees of evidence (Gretton 1991,
Donald et al. 2010). Our assessment is summa-
rized in Table 1. We suggest the probability that
the threats were sufficient to cause local extinction
was between 0.95 and 0.99 (best estimate 0.975).
This is based on an assessment towards the upper
end of that given in table 2 by Keith et al. (2017):
‘The severity and duration/timing of threats are
very highly certain to have caused local extinction,
i.e. would cause 49 of 50 to 19 of 20 similar spe-
cies to experience a local extinction. There is a
one in a hundred to one in twenty chance that a
population of the taxon may persist despite the
threats.’ The probability that threats have an
impact across the entire range is assessed as
between 0.80 and 0.99 (best estimate 0.95) based
on the descriptions in Keith et al. (2017) table 2:
‘It is quite likely that the threats affect or affected
the entire range of the taxon, given any possibility
that the taxon occurs or occurred outside its
known range. There is 1-in-20 to 1-in-4 chance
that the taxon persists within its known range or
at an undiscovered location outside the known
range,’ and ‘It is very highly certain that the
threats affect or affected the entire range of the
taxon, given any possibility that the taxon occurs
or occurred outside its known range. There is a 1-
in-100 to 1-in-20 chance that the taxon persists
within its known range or at an undiscovered loca-
tion outside the known range.’

Records database

Records of Slender-billed Curlew come from mul-
tiple sources, including the extensive list of Gret-
ton (1991), and were collated by the
Slender-billed Curlew Working Group (SBCWG;
established in 1997). A database was established in
2001 and was updated on a regular basis until
2015. It includes records and reports from pub-
lished studies, grey literature, online databases,
submitted records and personal communications.
In 2016 it was updated to include records from
new museum specimen databases and records.

© 2024 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union.
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bá

gy
in

H
un

ga
ry

on
e
of

th
e
fe
w

re
m
ai
ni
ng

w
et
la
nd

s
in

th
e
ar
ea

(G
re
tt
on

19
91

).
T
he

D
an

ub
e
de

lt
a
fr
om

w
hi
ch

th
er
e
ar
e
m
ul
ti
pl
e
re
co
rd
s
ha

s
be

en
si
gn

ifi
ca
nt
ly

al
te
re
d

(G
re
tt
on

19
91

).

W
in
te
rin

g

4
M
ul
ti
pl
e
w
et
la
nd

si
te
s
fr
om

w
hi
ch

th
er
e
ar
e
re
co
rd
s
ha

ve
be

en
dr
ai
ne

d
(C

ro
ck
fo
rd

&
B
uc

ha
na

n
20

17
an

d
re
fe
re
nc

es
th
er
ei
n)
.
L
os
s
of

sp
ec
ifi
c
si
te
s,
su
ch

as
E
vr
os

D
el
ta

an
d
A
m
vr
ak
ik
os

w
as

no
te
d
in

G
re
tt
on

(1
99

1)
.

5
A
lm

os
t
al
l
of

th
e
M
ag
hr
eb

in
M
or
oc
co

ha
s
be

en
co
nv

er
te
d
to

ag
ri
cu

lt
ur
e,

w
it
h
on

ly
th
e
w
et
la
nd

s
of

M
er
ja

Z
er
ga

re
m
ai
ni
ng

(G
re
tt
on

19
91

).
6

H
un

ti
ng

is
al
so

lik
el
y
to

ha
ve

ha
d
an

im
pa

ct
.
Fo

r
ex

am
pl
e,

G
re
tt
on

(1
99

1)
de

ta
ils

or
ga
ni
ze
d
hu

nt
in
g
tr
ip
s
in

th
e

no
rt
he

rn
pa

rt
of

M
er
ja

Z
er
ga

in
c.
19

80
s
th
at

sh
ot

m
ul
ti
pl
e
Sl
en

de
r-
bi
lle

d
C
ur
le
w

ou
t
of

a
sm

al
l
po

pu
la
ti
on

.

T
hr
ea

ts
(1
),
(3
),
(4
),
(5
)
an

d
(6
)
ar
e
lik
el
y
to

ha
ve

be
en

of
hi
gh

es
t
im

po
rt
an

ce
.

Th
e
pa

tt
er
n
of

re
co

rd
s
an

d
th
e
in
fo
rm

at
io
n
on

pr
ob

ab
le

th
re
at
s
in
di
ca

te
s
th
at

it
is

hi
gh

ly
pr
ob

ab
le

th
at

th
re
at
s
o
p
er
at
ed

at
an

ac
u
ity

an
d
in
te
ns

ity
th
at

dr
ov

e
lo
ca

le
xt
in
ct
io
n

0.
95

–0
.9
9

(c
on

ti
nu

ed
)

© 2024 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union.

4 G. M. Buchanan et al.

 1474919x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ibi.13368 by N

aturalis B
iodiversity C

enter, W
iley O

nline Library on [06/12/2024]. See the Term
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline Library for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons License



T
ab

le
1.

(c
on

ti
nu

ed
)

S
pa

tia
ls

ca
le

Ju
st
ifi
ca

tio
n

Im
pa

ct

R
an

ge
-w

id
e

(s
pa

tia
l)

B
re
ed

in
g

1
T
he

po
te
nt
ia
l
br
ee
di
ng

ar
ea

ha
s
un

de
rg
on

e
su
bs
ta
nt
ia
l
an

d
w
id
es
pr
ea
d
ag
ri
cu

lt
ur
al

de
ve
lo
pm

en
t
si
nc

e
th
e
19

th
ce
nt
ur
y,

(e
.g
.
H
Y
D
E
3.
1
la
nd

us
e
m
od

el
s,
K
ra
em

er
et

al
.
20

15
),
re
su
lt
in
g
in

pr
ob

ab
le

ha
bi
ta
t
lo
ss
.
T
hi
s
in
cl
ud

es
th
e
w
id
es
pr
ea
d
lo
ss

of
w
et
la
nd

s
(F
lu
et
-C

ho
ui
na

rd
et

al
.
20

23
).

P
as

sa
ge

an
d
w
in
te
rin

g

2
M
an

y
no

n-
br
ee
di
ng

re
co
rd
s
co
m
e
fr
om

gr
as
sl
an

ds
in

co
as
ta
l
w
et
la
nd

s,
no

w
a
sc
ar
ce

ha
bi
ta
t
in

th
e
M
ed

it
er
ra
ne

an
ba

si
n
(G

re
tt
on

19
91

,
B
uc

ha
na

n
et

al
.
20

10
,
D
on

al
d
et

al
.
20

10
),
an

d
w
et
la
nd

lo
ss

w
it
hi
n
th
e
sp
ec
ie
s
ra
ng

e
ha

s
be

en
co
ns
id
er
ab

le
an

d
w
id
es
pr
ea
d,

w
it
h
an

ac
ce
le
ra
ti
on

in
E
ur
op

e
fr
om

th
e
be

gi
nn

in
g
of

th
e
20

th
ce
nt
ur
y

(F
lu
et
-C

ho
ui
na

rd
et

al
.
20

23
).

3
H
un

ti
ng

ac
ro
ss

th
e
ra
ng

e
w
as

id
en

ti
fi
ed

as
a
th
re
at

(G
re
tt
on

19
91

)
w
it
h
sp
ec
im

en
s
co
lle

ct
ed

fr
om

ac
ro
ss

th
e

ra
ng

e
an

d
th
er
e
ar
e
a
nu

m
be

r
of

re
co
rd
s
of

sk
in
s
fr
om

fo
od

m
ar
ke
ts
.
So

m
e
su
gg
es
ti
on

th
at

th
e
bi
rd

w
as

ta
ke
n
in

pr
ef
er
en

ce
to

ot
he

r
sp
ec
ie
s
as

it
w
as

ta
m
er

(G
re
tt
on

19
91

)
an

d
it
s
ap

pa
re
nt

pr
ef
er
en

ce
fo
r
su
pr
at
id
al

fe
ed

in
g

ar
ea
s
m
ay

ha
ve

m
ad

e
it
m
or
e
vu

ln
er
ab

le
to

hu
nt
in
g
th
an

sp
ec
ie
s
us
in
g
th
e
in
te
rt
id
al

ar
ea
s.

4
T
he

re
is
th
e
po

te
nt
ia
l
fo
r
hu

nt
in
g
an

d
ha

bi
ta
t
lo
ss

to
ha

ve
in
te
ra
ct
ed

w
it
h
hu

nt
in
g
pr
es
su
re

po
te
nt
ia
lly

in
cr
ea
si
ng

on
th
e
sm

al
le
r
nu

m
be

r
of

re
m
ai
ni
ng

si
te
s
us
ed

by
th
e
sp
ec
ie
s
(G

re
tt
on

19
91

).
5

Pr
ed

at
io
n,

di
se
as
e,

co
m
pe

ti
ti
on

,
po

llu
ti
on

an
d
cl
im

at
e
ch

an
ge

co
ul
d
al
so

ha
ve

af
fe
ct
ed

th
e
sp
ec
ie
s,
bu

t
th
e

im
pa

ct
is
un

kn
ow

n
(G

re
tt
on

19
91

).
6

A
lle

e
ef
fe
ct

ha
s
al
so

be
en

pr
op

os
ed

as
fu
rt
he

r
im

pa
ct
in
g
on

th
e
sp
ec
ie
s
af
te
r
th
e
po

pu
la
ti
on

ha
d
be

en
re
du

ce
d

to
lo
w

le
ve
ls
by

ot
he

r
pr
es
su
re
s
(G

re
tt
on

19
91

).

T
hr
ea

t
(2
)
is

lik
el
y
to

ha
ve

be
en

of
th
e
hi
gh

es
t
im

po
rt
an

ce
.

O
ve

ra
ll,

id
en

tifi
ed

lik
el
y
th
re
at
s
ar
e
kn

ow
n
to

ha
ve

ac
te
d
ac

ro
ss

al
m
os

t
th
e
en

tir
et
y
of

w
ha

t
is

un
d
er
st
o
od

to
h
av

e
co

ns
tit
u
te
d
th
is

sp
ec

ie
s’

ra
ng

e,
an

d
he

nc
e
p(
sp

at
ia
l)
is

as
se

ss
ed

as
be

in
g
ve

ry
hi
gh

0.
80

–0
.9
9

© 2024 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union.

Slender-billed Curlew extinction 5

 1474919x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ibi.13368 by N

aturalis B
iodiversity C

enter, W
iley O

nline Library on [06/12/2024]. See the Term
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline Library for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons License



Slender-billed Curlews can be difficult to
identify (Corso et al. 2014, Jansen & Corso 2023)
making misidentification a real possibility. Addi-
tionally, it is possible that European observers
could have based their ‘search image’ on the
adult males at Merja Zerga 1987–1995, with
black markings on pure white underparts.
Females and immatures are much less distinct
(e.g. Corso et al. 2014). Previously it has been
suggested that unconfirmed records (records for
which there is no evidence that shows the iden-
tity of the bird clearly) outside the species’
known range, or after 1990, be reconsidered ‘so
that only those records that meet the highest
standards are accepted’ (Corso et al. 2014). To
indicate the rarity of Slender-billed Curlew, the
only photographs of live birds beyond doubt (i.e.
that show the features highlighted by Corso
et al. 2014) are known from Brittany, France, in
February 1968 (Brosselin 1968, Duquet 2008),
Merga Zerga, Morocco, between 2 December
1987 and 23 February 1995 (van den Berg 1988)
and North Yemen in January 1984 (Porter 1984,
2004).

The records in the database were given P(ci)
scores (Thompson et al. 2017) that reflect the
potential for misidentification of the species. The
scores were produced based on table 2 of
Thompson et al. (2017) and reflect the level of
evidence associated with each record. The cri-
teria we used are given in Table 2. We have
high confidence in the correct identification of
museum specimens as 148 of 149 specimens
inspected in situ by JJFJ were correctly identified
as Slender-billed Curlew based on the latest
understanding of identification. For sight records
we relied upon past assessments by national rari-
ties committees for the scoring. National rarities
committees have previously been asked to review
the pre-1980 records and re-assess documenta-
tion and reliability of records (e.g. Collinson
et al. 2014). We also used results of published
reviews of records (Kirwan et al. 2015, Was-
sink 2016) to inform scores.

The database of all records and their P(ci)
scores is given in Table S1. We calculate the maxi-
mum P(ci) value per year and these yearly sum-
mary data are analysed using RecordsSurveyModel
(Thompson et al. 2017), following IUCN (2022a)
and IUCN (2022b) to generate P(E ) scores from
the records and sightings.

Surveys

Survey effort for Slender-billed Curlew breeding
areas has been relatively well reviewed in the liter-
ature. A summary of breeding area surveys was
presented by Gretton (1991), Gallo-Orsi and
Boere (2001) and Gretton et al. (2002). Buchanan
et al. (2018) summarized areas where surveys for
Sociable Lapwings Vanellus gregarius took place in
northern Kazakhstan. The effort put into surveys
on non-breeding areas was more difficult to quan-
tify. We used grey literature and unpublished
reports from a series of dedicated searches for
Slender-billed Curlews to quantify dedicated sur-
vey effort (summarized by Gallo-Orsi &
Boere 2001, Gretton et al. 2002, Crockford &
Buchanan 2017). However, there is also unstruc-
tured, unrecorded coverage of many of these areas
by birdwatchers, amateur and professional. This
includes regular and dedicated survey efforts to
Merja Zerga in the years since the bird was last
photographed at that site. It is likely that extensive
areas have been covered intensively each year. In
addition to this effort there are structured Interna-
tional Waterbird Census surveys (https://www.
wetlands.org/knowledge-base/international-
waterbird-census/) in many areas that were for-
merly occupied by Slender-billed Curlew. There-
fore, we estimate the passive survey effort to be
between 0.7 and 0.8, with a best estimate of 0.75.

The outputs of these models were combined
(mean of the best estimates) and compared with
suggested reference values for Red List categories
described in Akçakaya et al. (2017) and applied in
Butchart et al. (2018). Specifically, we used the
threshold that species for which the probability of
extinction was >0.5 should be listed on the IUCN
Red List as Critically Endangered (Probably
Extinct) or CR (PE), and those for which the
probability is greater than 0.90 as Extinct (EX).
There are no Slender-billed Curlews in captivity,
so we did not consider Extinct in the Wild (EW).

Extinction date assessment

To estimate the most likely date of extinction, we
used Bayesian models developed by Solow and
Beet (2014; model 2), which are detailed in Carl-
son et al. (2018) and Bond et al. (2019). Records
were classified based on the level of evidence: con-
firmed specimens (P(ci)= 0.99) were scored 1,

© 2024 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union.
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supported records (P(ci) = 0.94) were scored 2
and unsupported records (P(ci)< 0.94) were
scored 3 (Boakes et al. 2015, Kodikara
et al. 2018). Extinction year was calculated follow-
ing Solow and Beet (2014) where:

p Ejtð Þ= p tjEð Þp Eð Þ
p tjEð Þp Eð Þ þ p tjE� �

1�p Eð Þð Þ

where E is the event when the species went
extinct; E is when it did not; and t is the complete
sighting record (t= t1< t2< . . .< tn). We used
Model 2 from Solow and Beet (2014) because
some of the ‘uncertain’ observations are from
uncertain sources and Model 2 better accounts for
invalid sightings (Kodikara et al. 2018). This model
modifies the above equation as follows (from
Solow & Beet 2014; equation 9):

p tjτEð Þ= p tcjτEð Þp tujτEð Þ

where tc and tu are the sets of certain and uncer-
tain sighting times, respectively. The model pro-
duces a posterior probability of extinction for each
time step (τE) scaled by the area under the entire
likelihood curve that starts in the first year after
the last specimen record (i.e. 1983). The

probability of persistence in 2024 can also be cal-
culated as 1/Bayes Factor. For further details, see
Carlson et al. (2018) and Bond et al. (2019). The
slope of the exponential decline was defined by
setting γ to six (Solow & Beet 2014, Carlson
et al. 2018, Bond et al. 2019).

RESULTS

There was considerable geographical variation in
the distribution of specimens and sightings pre-
1995, with many more shot, photographed or
recorded with support coming from the wintering
areas around the Mediterranean basin, than the
potential breeding areas (Fig. 1, Table S1).

The temporal distribution of records is shown
in Figure 2. The extinction probability from the
records and surveys model ranged from 0.970 to
0.999, with the best estimate of 0.994, whereas
the threats model produced a range from 0.808 to
0.981, with the best estimate of 0.926. Together
this generated a mean probability of extinction P
(E )= 0.960. The output value of the threats
model and the records and survey model both
greatly exceeded the threshold (0.5) for Critically
Endangered (Probably Extinct). The best estimates
exceed the threshold (0.90) for Extinct, even
though the range values do span this value. This
means that there is strong statistical evidence that
Slender-billed Curlew is globally extinct, although
statistically the range of values indicate from the
threat that there is a small chance that it is extant.
The Solow and Beet model for the potential year
of extinction found that the probability of persis-
tence declined rapidly during the 1980s, with the
highest posterior probability of extinction in 1992.
The probability that the species remains extant in
2022 is less than 5 × 10�8 (Fig. 3).

DISCUSSION

Application of the IUCN Red List guidance
(Akçakaya et al. 2017, Keith et al. 2017, Thomp-
son et al. 2017) to assess the extinction probability
of the Slender-billed Curlew indicates that the
species is extinct and we recommend that the spe-
cies being listed accordingly (EX) on the IUCN
Red List should be considered. This is based on
putative threats to the species across its entire
range, observation history of the species, and
known surveys and ad hoc observer effort across
the range of the species. The Solow and

Table 2. Criteria used to score likelihood index, P(ci) for
Slender-billed Curlew records; min, minimum; max, maximum.
Adapted from Thompson et al. (2017).

Record type
P(ci)
min

P
(ci)

P(ci)
max

Specimen currently in a museum
collection

0.95 0.99 0.99

Observation with photo showing
identification criteria of Corso
et al. (2014)

0.90 0.94 0.94

Record without evidence (including
shot birds with no known specimens)
that have support (e.g. accepted by a
national rarity committee)

0.60 0.70 0.80

Record without evidence (including
shot birds with no specimens) that
have no support (e.g. no assessment
by a national rarity committee)

0.10 0.25 0.40

Observation that is classed as not
accepted by a national rarity
committee or on review is not
convincing or unconfirmed such as by
Kirwan et al. (2015) or
Wassink (2016)

0.10 0.10 0.15

© 2024 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union.
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Beet (2014) model gives 1992 as the year when
the probability of existence became less than 0.05.
This is before the well-documented records from
Morrocco in 1995. However, the model provides a
posterior probability of a given extinction year
scaled by the area under the entire likelihood
curve rather than a set value of extinction and
gives greater weight to specimens that can be
examined and sampled for future analysis (e.g.
genetics) than it does photographs and videos. The
weight given to specimens recognizes that speci-
mens can be examined and sampled for future
analysis (e.g. genetics). Nonetheless, the model
suggests that the species was on the verge of
extinction in 1995, and the miniscule probability
that the species remains extant in 2022 in this
model is consistent with the outcome of the IUCN
extinction probability framework.

If the IUCN Red List status is changed from
Critically Endangered to Extinct, the
Slender-billed Curlew will become only the third
bird species to spend a large part of its annual
cycle in the Western Palaearctic to be known to
have gone extinct since 1500, the Great Auk (last
seen alive in 1844; Fuller 2003) and the Canarian
Oystercatcher (last collected in 1913 and reported
as absent in 1940s; Hockey 2020) having prede-
ceased the Slender-billed Curlew in this region.

The pressures that resulted in the species’
extinction are mostly unvalidated inference and
may never be understood and quantified. Our
understanding has advanced little since the
Slender-billed Curlew action plan was published
(Gretton 1996). At that time, habitat loss on the
breeding and non-breeding areas, and hunting,
were identified as pressures on the species. Allee

Figure 1. Country-level counts of specimens (yellow scale) and supported records (blue scale) of Slender-billed Curlew. The colour
intervals on both axes of the bi-plot indicate counts of 0, 2–5, 6–10, >10 so that strength of yellow increases as the number of speci-
mens increases, and strength of blue increases as number of records increases. High numbers of both are indicated by dark blue.
Dotted line indicates the widest possible breeding area by Buchanan et al. (2018), and black dot indicates area of breeding identified
by Ushakov (1912).

© 2024 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union.
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effect was also cited as a potential pressure, with
few individuals across a wide area resulting in a
reduced probability of finding a mate and breed-
ing. The potential role of the direct anthropogenic
pressures (habitat loss and hunting) will probably
never be known, as the full range of habitat associ-
ations of the species are not documented.

The best information on the species’ breeding
ecology comes from a small number of nests in
boggy forests in southern Russia (Ushakov 1912,
Gretton 1991, Gretton et al. 2002). If the main
breeding regions did lie further to the south into
the steppes of northern Kazakhstan (Belik 1994,
Buchanan et al. 2018), then the habitat associa-
tions could differ (the zones identified in northern

Kazakhstan, while potentially boggy, would have
fewer trees). The conversion of large areas of
northern Kazakhstan to croplands in the 19th and
20th centuries could therefore have caused the
widespread loss of crucial breeding, and moulting
habitat (the only known specimens in active moult
come from putative breeding areas; Tom van der
Have in litt.) for Slender-billed Curlew. Recon-
structions of patterns of land cover change indicate
an expansion of cropland throughout the late 19th
and on into the 20th century (Klein Goldewijk
et al. 2011), but the exact extent and time of con-
version is difficult to determine retrospectively.
Data from Fluet-Chouinard et al. (2023), who
modelled historical wetland loss, indicate extensive
loss of wetlands across the approximate breeding
area and non-breeding areas. In the approximate
breeding range described by Buchanan
et al. (2018), loss of wetland was greatest at the
start of the 20th century, approximately the time
that Ushakov (1912) indicated that the
Slender-billed Curlew was declining. This coin-
cides with a period of drought and high tempera-
tures in this area (Schubert et al. 2014). The
herbivore megafauna extinctions at the end of the
last ice age have been linked to a decline in genetic
diversity in the genus Numenius, including
Slender-billed Curlew (Tan et al. 2023), although
the mechanism(s) responsible remain obscure. It is
interesting to note that Saiga Antelope Saiga tatar-
ica, a large herbivore, was formerly widespread
across the putative Slender-billed Curlew breeding
range, but that the population declined rapidly in
the second half of the 19th and early 20th centu-
ries (Bekenov et al. 1998). This coincides with the
proposed decline in purported Slender-billed Cur-
lew breeding populations mentioned by Usha-
kov (1912). However, as with much about the
Slender-billed Curlew, any link must remain
speculation.

The impact of hunting on the species will like-
wise remain opaque. Gretton (1996) suggested
that hunting was a minor pressure on the species,
but Gretton (1991) had previously highlighted it
as a pressure on the species in the past, especially
on wintering sites. Hunting may nonetheless have
been a significant threat, especially when consid-
ered synergistically with other pressures. Hunting
has been implicated in the extinction of the
Eskimo Curlew (Donald et al. 2010), which has
ecological similarities to the Slender-billed Curlew.
There is evidence that birds were traded: for

Figure 2. Distribution of specimens and sightings of
Slender-billed Curlew since 1895, and ‘quality’ score based on
Thompson et al. (2017) criteria.

Figure 3. Posterior probability density curve after the last
known specimen (skin of known whereabouts) in 1983 indicat-
ing the likelihood that Slender-billed Curlew is extant, based
on patterns of records. Horizontal line indicates P= 0.05.
Insert is an adult male Slender-billed Curlew photographed in
February 1995 at Merja Zerga, Morocco, by Chris Gomersall.
This is the last known bird documented in a photograph in
which the identification features of Corso et al. (2014) can be
seen.

© 2024 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union.
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example, there are Italian records from Genova,
Rome and Bari, the latter two of which ended up
in museum collections (Baccetti 1995). Even from
Leadenhall Market, London, a fresh bird was
brought from the Netherlands in 1921 (Jansen &
Oreel 2020). It is also probable that as the species
became rarer, pressure to obtain skins for collec-
tions increased, exacerbating the pressures on an
already dwindling population. Birds were shot in
the 1970s and 1980s, with some ending up in
museum collections (data from Gretton 1991,
Nowak 1995). Hunting pressure is recognized as a
risk to other species that share part of their ranges
with Slender-billed Curlew. Sociable Lapwing, a
species that also breeds in northern Kazakhstan,
and which migrates through the Middle East, has
been declining in abundance but with no indica-
tions of low breeding productivity (Sheldon
et al. 2013). Hunting on migration has been identi-
fied as a major threat to the species (Sheldon
et al. 2012), with an estimated 76–630 birds killed
annually on the western migration route of this
species (Donald et al. 2021).

Conservation attention came too late for the
Slender-billed Curlew. The potential decline of
the species was highlighted at the beginning of the
20th century (Ushakov 1912) and stated more
explicitly by Stresemann and Grote (1943). These
warnings were not acted on however, and the spe-
cies was not recognized as being of conservation
concern until 1988 (Collar & Andrew 1988). After
this, a review of the species (Gretton 1991) and
an action plan (Gretton 1996) followed. Our anal-
ysis indicates the species was on the verge of
extinction or extinct when the action plan was
published. The action plan highlighted the enor-
mity of the conservation task but did note that
some actions had already been implemented. It
also made multiple recommendations to be taken
immediately, including preventing further habitat
loss and reducing the chance the species could be
shot accidentally. By the time the action plan was
published the species was listed on Annex I of the
EU Wild Birds Directive, Appendix I of CITES,
Appendix I of the Convention on Migratory Spe-
cies and Appendix II of the Bern Convention on
European Wildlife and Natural Habitats (Gret-
ton 1996). A Memorandum of Understanding for
the conservation of the species was developed dur-
ing 1993/94 under the Convention on Migratory
Species (Gallo-Orsi & Boere 2001). Despite this
rapid initial progress, many of the objectives from

the action plan were never fully implemented,
partly due to the absence of further definite
records of the species. For example, wetlands are
still at risk and Ramsar wetlands in Europe, as else-
where, continue to deteriorate in quality (David-
son et al. 2019). It is also notable that many of the
research aims of the action plan were never com-
pleted, for example because the breeding grounds
of the Slender-billed Curlew were never located,
despite considerable effort.

It is essential that lessons are learned from the
extinction of this species. Pearce-Higgins
et al. (2017) highlighted that the Numeniini Tribe
(eight Numenius, together with four Limosa (god-
wits) and Upland Sandpiper Bartramia longicauda)
is a group that contains many species of conserva-
tion concern. Including Slender-billed Curlew,
which is currently listed as Critically Endangered,
five of the eight (62.5%) Numenius species are
currently considered of conservation concern, com-
pared with 21.8% of all bird species globally
(IUCN 2022b). The Eskimo Curlew, which
depended on grassland and steppe, as is likely with
Slender-billed Curlew, is already listed as Critically
Endangered (Probably Extinct), following extinc-
tion analysis by Butchart et al. (2018).

Species of the genus Numenius are long-lived
species that take multiple years to recruit to breed-
ing populations, have high survival rates but low
reproductive success (Piersma & Baker 2000).
These traits are associated with a heightened
extinction risk in birds (Owens & Bennett 2000).
The causes of declines in these species are often
unclear and varied, as well as being spatially and
temporally variable within and between species.
However, land-use change and development have
been identified as threats to Numenius (Jensen &
Lutz 2007, Roodbergen et al. 2012, Douglas
et al. 2014, Franks et al. 2017, Pearce-Higgins
et al. 2017). Pearce-Higgins et al. (2017) further
identified seven threats common to many Nume-
nius species: disturbance, development, pollution,
land-use change, predation, climate change and cli-
mate change mitigation actions, and hunting and
harvesting. There is overlap between the threats
identified by Pearce-Higgins et al. (2017) and the
threats across the entire former range to
Slender-billed Curlew.

In 2014, the Convention on Migratory Species
published Conservation Statements for Numeniini
species (Brown et al. 2014). If the actions in these
are implemented, further extinctions could

© 2024 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union.
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probably be averted. Failure to undertake con-
certed, coordinated, flyways-scale conservation
action increases the likelihood of other species in
the Palaearctic, and in other flyways, following the
Slender-billed Curlew to extinction. Such extinc-
tions are an indicator of the failure of international
cooperation on biodiversity conservation as surely
as climbing carbon levels currently measure our
failure adequately to address climate change. With
more advanced technologies than were available
even 20 years ago – including optical and photo-
graphic equipment, bird-tracking and
remote-sensing methods, and an evidence base on
methods for protection, management and restora-
tion – there is even less excuse for further failures.

Strategic, evidence-based approaches are needed
to minimize the impact of future land use change,
including agricultural, afforestation and planning
policy and practice, to avoid the destruction of
breeding habitat that affects many Numeniini spe-
cies as well as driving declines of other shorebirds.
Likewise, many of the globally threatened migra-
tory shorebirds are dependent on coastal wetlands,
so enhanced efforts to scale up concerted, coordi-
nated conservation efforts for these, such as the
World Coastal Forum, are to be welcomed.

Beyond Numeniini, populations of shorebirds
are in decline around the world, and migratory
species appear to be declining at a greater rate
than resident ones (Koleček et al. 2021). Conser-
vation actions for migratory waders, as with all
migrants, must consider their annual life cycle.
Actions targeted to just one area or part of the
range may ultimately prove ineffective in conserv-
ing the species, even if based on sound evidence, if
threats driving or contributing to declines are oper-
ating elsewhere on the flyway. Hence, action is
often needed at the species, site and landscape
levels along the entire flyways (Kirby et al. 2008).
This has long been recognized and a range of
mechanisms exist to promote such actions.

Governments and other stakeholders such as
conservation non-governmental organizations
should continue to engage with, advocate for, and
help implement global and regional conventions
and other intergovernmental processes that foster
international and flyway-scale conservation. Within
the range of the Slender-billed Curlew, the
regional African–Eurasian Migratory Waterbird
Agreement (AEWA), together with the Conven-
tion on Migratory Species, supported efforts to
conserve Slender-billed Curlew through the

working group, among other activities. Site-based
networks will be most effective if identified based
on objective criteria, and the Key Biodiversity Area
initiative (IUCN 2016) could form a vital part of
networks of sites for flyway-scale conservation.
The inclusion of ecological connectivity data (such
as from ringing recoveries and tracking of tagged
birds) could help illustrate the connection between
sites and hence support enhanced international
cooperation for the conservation of such ecological
networks in line with the global commitment to
ensure ecological connectivity while managing and
restoring areas of importance to biodiversity under
Targets 2 and 3 of the 2022 Kunming Montreal
Global Biodiversity Framework (CBD 2022).

Most avian extinctions have concerned insular
taxa, and very few contemporary European species
(Hume 2017). The Slender-billed Curlew reminds
us, however, that even widely distributed Euro-
pean species are at risk of extinction, which can
occur in a relatively short time. There are cur-
rently 43 globally threatened species in Europe
(IUCN Red List categories VU (n= 30), EN
(n= 7), CR (n= 6); IUCN 2022b), and increasing,
representing a range of taxa from pan-continental
species like Common Pochard (Aythya ferina; VU)
to localized island endemics like the Gran Canaria
Blue Chaffinch (Fringilla polatzeki; EN; BirdLife
International 2023). In a critical time for biodiver-
sity, we must prevent the ‘next Slender-billed Cur-
lew’ through enhanced conservation action,
coordinated via partnerships, including direct inter-
vention and nature conservation policy. Efforts on
the conservation of the Critically Endangered
Spoon-billed Sandpiper Calidris pygmaea in the
East Asian–Australasian Flyway, probably the
migratory shorebird that is most at risk of follow-
ing the Slender-billed Curlew to extinction, are
currently being deployed collaboratively at flyway
scale, deploying new technologies, having been
informed by the history of the Slender-billed
Curlew.

We thank all members of the Slender-billed Curlew
Working Group and the Slender-billed Curlew Interna-
tional Verification panel for maintaining the database
and assessing reports. We are grateful to all the individ-
uals who contributed records, provided references,
answered queries, or examined specimens over the
years, and those who undertook surveys for the species.
We thank Stu Butchart for his comments on the threats
model and Adam Gretton and Tom van der Have for
comments on the manuscript. This paper is dedicated to
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the late Dr AK (Sasha) Yurlov who led expeditions to
the historical breeding area in search of the species.
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Akçakaya, H.R., Keith, D.A., Burgman, M., Butchart,
S.H.M., Hoffmann, M., Regan, H.M., Harrison, I. &
Boakes, E. 2017. Inferring extinctions III: a cost-benefit
framework for listing extinct species. Biol. Conserv. 214:
336–342.

Baccetti, N. 1995. Revisione dell catture italiane di una specie
giunta allorlo dellestinzione: Numenius tenuirostris (Aves,
Scolopacidae). Ric. Biol Selvaggina 94: 1–18.

Bekenov, A.B., Grachev, I.A. & Milner-Gulland, E.J. 1998.
The ecology and management of the saiga antelope in
Kazakhstan. Mamm. Rev. 28: 1–52.

Belik, V.P. 1994. Where on earth does the slender-billed
curlew breed? Wader Study Group Bull. 75: 37–38.

van den Berg, A.B. 1988. Identification of slender-billed
curlew and its occurrence in Morocco in winter 1987/88.
Dutch Bird. 10: 45–53.

van den Berg, A.B. 1995. Recent WP reports. Dutch Bird. 17:
78.

Bergier, P., Franchimont, J., Thevenot, M. & Commission
d’Homologation Marocaine 2000. Les Oiseaux Rares Au
Maroc. Rapport de la Commission d’Homologation
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SUPPORTING INFORMATION

Additional supporting information may be found
online in the Supporting Information section at
the end of the article.

Table S1. Summary by year of the records from
the Slender-billed Curlew database that were used
for analysis. All records for a given year are given
but only year maxima were used in the actual
analysis.
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