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Discovery of a morphologically and genetically
distinct population of Black-tailed Godwits in the
East Asian-Australasian Flyway
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BING-RUN ZHU,'?

Occurring across Eurasia, the Black-tailed Godwit Limosa limosa has three recognized
subspecies, melanuroides, limosa and islandica from east to west, respectively. With the
smallest body size, melanuroides has been considered the only subspecies in the East
Asian-Australasian Flyway. Yet, observations along the Chinese coast indicated the pres-
ence of distinctively large individuals. Here we compared the morphometrics of these
larger birds captured in northern Bohai Bay, China, with those of the three known sub-
species and explore the genetic population structuring of Black-tailed Godwits based on
the control region of the mitochondrial genome (mtDNA). We found that the Bohai
Godwits were indeed significantly larger than melanuroides, resembling limosa more than
islandica, but with relatively longer bills than islandica. The level of genetic differentia-
tion between Bohai Godwits and the three recognized subspecies was of similar magni-
tude to the differentiation among previously recognized subspecies. Based on these
segregating morphological and genetic characteristics, we propose that these birds belong
to a distinct population, which may be treated and described as a new subspecies.

Keywords: genetic population structure, migration, morphology, mtDNA, subspeciation,
shorebirds, taxonomy.

Black-tailed Godwits Limosa limosa (hereafter,
‘Godwits”) breed across the Palaearctic (Engelmoer
& Roselaar 1998, Gill et al., 2007). Three subspecies

*Corresponding author.
Email: zzw@bnu.edu.cn
Twitter: @DrewBingrun

have been described based on morphological and
genetic traits: the nominate and widespread L. L
limosa Linnaeus, 1758, the Icelandic L. [. islandica
C. L. Brehm, 1831 and the eastern L. I. melanuroides
Gould, 1846 (Cramp & Simmons 1982, Hoglund
et al. 2009). The subspecies islandica breeds almost
exclusively in Iceland, with a wide winter
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distribution along the coasts of western Europe, and
predominantly occupies estuarine habitats (Alves
et al. 2013a), whereas limosa breeds primarily in
western Europe but extends very far east, mainly
using inland freshwater habitats in southwestern
Europe and west Africa during the rest of the year
(Kentie et al. 2017, Senner et al. 2019, Verhoeven
et al. 2019). The distributional ranges and migratory
flyways of the two European breeding subspecies
partially overlap (Lourengo & Piersma 2008, Alves
etal. 2010, 2013b, Hooijmeijer et al. 2014). The sub-
species melanuroides has a breeding range that
extends across eastern Russia, Mongolia and north
China; during the non-breeding season, they are
widely distributed across southeast Asia and extend-
ing to Australia (Groen et al. 2006, van Gils et al.,
2020).

The subspecies limosa is morphologically the
largest of the three and increases in size across its
distributional range from west to east (Prater et al.
1977). The smallest subspecies is melanuroides,
which has a relatively short bill (Zhu et al. 2020).
The subspecies limosa and melanuroides differ in
size but not body shape, with islandica being smal-
ler than limosa but with relatively long wings (Zhu
et al. 2020). In addition, the breeding plumages of
melanuroides and islandica are darker than in
limosa (Groen & Yurlov 1999). For all three sub-
species, females are the larger sex. Overlapping
morphometrics between sexes and among sub-
species prevents anonymous individuals from being
assigned to subspecies based on body size measure-
ments, but not on the basis of the maternally
inherited mitochondrial DNA (mtDNA) (Lopes
et al. 2013). With a high mutation rate, mtDNA
provides information on recent differentiation
within species (Avise 2000). Hoéglund et al
(2009), later confirmed by Trimbos et al. (2014),
discovered three mitochondrial lineages using the
control region (CR) of Black-tailed Godwits, with
the three main haplotypes corresponding to the
three recognized subspecies.

Although the small-bodied melanuroides was
thought to be the only subspecies occurring in the
East Asian-Australasian Flyway (EAAF), Engelmoer
and Roselaar (1998) noted the presence in museum
collections of large-sized Godwits collected along
the Chinese coast (Shandong, Jiangsu and Fujian
provinces) between 1900 and 1950. However, this
was ascribed to geographical variation within mela-
nuroides. Over the last decade, field observations of
Godwits similar in size to limosa in eastern China,
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i.e. with rather long and thick bills and a paler plu-
mage compared with the smaller co-occurring God-
wits (thought to be melanuroides), have reopened
the discussion. Such observations (A. Boyle & J. All-
cock pers. comm., C.J.H. unpubl. data) were mainly
made during spring at Bohai Bay in Tianjin City,
Hebei Province,and in Shandong Province, both in
China, between March and May (Fig. 1a), as well as
between August and March in the Mai Po Wetland
of Hong Kong (Fig. 1b; K. Leung pers. comm.).
Interestingly, the thousands of individuals seen in the
north of Bohai Bay in spring were nearly all of the lar-
ger Godwit type, with only a few hundred smaller
ones seen after most large Godwits had left around
mid-May (B.R.Z. 2014-2018, unpubl. data).

In this study, we examine the possibility that
the large Black-tailed Godwits encountered along
the coast of East Asia belong to a putative unrec-
ognized population, with segregating differences
that may warrant sub-specific status. We compare
the morphometrics of molecularly sexed Godwits
captured in northern Bohai Bay in China with
breeding birds from Iceland and The Netherlands,

Figure 1. (a) Black-tailed Godwits foraging in Nanpu saltpan
in April 2015. The one on the right represents the most com-
mon size in the Bohai Bay region; its height and bill length are
distinct from the one on the left (Photo by B.R.Z.). (b) The win-
tering population of Black-tailed Godwits in Mai Po Wetland of
Hong Kong in December 2016. The foremost one was strik-
ingly smaller than the rest of the Godwits (photo by Qiuhe
Chen).

© 2020 The Authors. Ibis published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union
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and wintering birds in northwest Australia (as-
sumed to belong to the three known subspecies is-
landica, limosa and melanuroides, respectively). We
also analyse mtDNA of individuals sampled at the
breeding, wintering or staging sites of the three
known subspecies, together with individuals from
Bohai Bay and associated sites, to provide the first
phylogeographical assessment of the large birds
from Bohai Bay. We conclude that the large birds
represent a hitherto undescribed population of
Black-tailed Godwit.

METHODS

Field observations were carried out along the
northern  shore of Bohai Bay (Fig. 2,
117.8-118.2°E, 39.0-39.2°N), in Nanpu County,
Hebei Province, and at Hangu, Tianjin, China,
from April to mid-May 2014-2018. We identified
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two major staging sites for Black-tailed Godwits.
The first site, the Nanpu saltpans, is a 290-km?
area that contains many shallow ponds for roosting
and foraging waterbirds (Lei et al. 2018). The sec-
ond site, the Hangu intertidal mudflats
(117.9-118.0°E, 39.1-39.2°N), is located 20 km
west of Nanpu. In addition, to the north of the
Hangu mudflats, a shrimp farm of 5 km? was con-
tinually used by Godwits as a high-tide roost.

At Nanpu, Godwits were trapped during the
day using spring-powered clap-nets (diameter of
150 cm) and noose-mats (Mehl et al. 2003) as
they foraged. Traps were placed at frequently used
pathways of Godwits along canals or along the
edges of saltpans. At the Hangu inter-tidal mud-
flats, a large man-powered double clap-net
(550 x 220 cm) was established on the first area
of mudflat to be exposed after high tide. With
many Godwits landing and the net camouflaged
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Figure 2. Study site in Bohai Bay (the red ellipse), sampling locations from which genetic samples were collected (solid circles) and
the published breeding distributions of the three known subspecies of Black-tailed Godwits across Eurasia. The red arrows indicate
one breeding location of /imosa in France, and one breeding location of melanuroides in the Selenga Delta. Map created using QGIS
3.4.3 based on data in BirdLife International (2017).
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by mud, we successfully made two catches. In the
shrimp farm of Hangu, the ponds where the popu-
lation was concentrated during high tide, mist-nets
were also employed to sample birds at night from
mid-April to the beginning of May.

Captured Godwits received a metal ring on
the left tibia and were fitted with uniquely coded
flags on the right tibia. The scheme followed the
protocol on the EAAF (blue flag over the yellow
flag on the tibia). The morphometric measure-
ments were taken by a single observer (B.R.Z.)
with age assigned on the basis of wear and colour
of the primary feathers (Prater et al. 1977). Data
for the three captured second calendar year birds
were excluded from the present analysis. The
length of the bill (culmen length), total head
(head to bill), tarsus and tarsus to toe (tarsus plus
mid-toe excluding the nail) were measured to the
nearest 0.01 mm, and the flattened wing length
was measured to the nearest 1 mm (Zhu et al.
2020). Additionally, we acquired these same
measurements and tissue samples from fresh car-
casses (n=18) found at the two study sites.
Causes of death included collisions with power
lines and depredations. In the live birds, a blood
sample of 20-60 pL. was taken from the brachial
vein and stored in 96% ethanol at —20 °C for
subsequent molecular sexing and DNA analysis
(further details in Velde et al. 2017). The band-
ing work and collection of blood samples were
approved by the Wild Animal and Plant Protec-
tion Division of the Forestry Department in
Hebei, China.

Morphometric and molecular sexing data of is-
landica, limosa and melanuroides were obtained
from two breeding sites in Iceland (65.67°N,
—14.78°E, courtesy of T. G. Gunnarsson), The
Netherlands (52.98°N, 5.4°E, courtesy of J. C. E.
W. Hooijmeijer of the University of Groningen)
and one wintering site in northwest Australia
(17.94°S, 122.25°E, courtesy of the Global Flyway
Network), respectively (Table S1). Morphology
was previously analysed in Zhu et al. (2020). To
compare the body dimensions of the Bohai Bay
Black-tailed Godwits with the three known sub-
species, we used analyses of variance (one-way
analysis of variance (ANOVA)) and Tukey’s hon-
estly significant difference (HSD; Tukey 1949)
tests. The degree of sexual size dimorphism
(DSD) was calculated using the formula:

female meanbody dimension 1
male mean body dimension

), with values larger than
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zero indicating that females are larger than males
(Lovich & Gibbons 1992). To compute the body
size and shape for each population and both sexes
of the three known subspecies and the Bohai God-
wits, principal component analysis (PCA) was per-
formed. To do this we used the R function prcomp
with body dimensions (bill length, total head, tar-
sus, tarsus to toe and wing length; data were not
transformed) as vectors; the analysis only includes
individuals with complete sets of measurements.
We constructed the biplot by the PC values in
which more than 80% of the variation was repre-
sented. The first component of the x-axis (PC1) is
generally interpreted as size, and the second com-
ponent (PC2) of the y-axis as shape (Sundberg
1989, Zhu et al. 2020); the origin of the biplot
was the average value of size or shape.

A collection of 240 blood and tissue samples of
Black-tailed Godwits was assembled from 27 loca-
tions (Fig. 2 and Table S2). Samples of islandica
and limosa were obtained from breeding sites
(Table S2). As for the eastern population of Black-
tailed Godwit, samples were gathered from various
locations along the EAAF (Table S2). The blood
samples taken for genotyping from the Bohai God-
wits were from the same birds from which we col-
lected morphometric data. For islandica, limosa,
melanuroides and Godwits of unknown subspecies
in the flyway, blood and tissue samples were col-
lected by various colleagues, which did not always
allow us to collect morphometric data from the
same individuals. We used the ammonium acetate
(AmAc) DNA extraction method (Richardson
et al. 2001), followed by polymerase chain reac-
tion (PCR) amplification with the sexing primer
pair 2602F and 2669R (see van der Velde et al
2017 for protocols). PCR products were visualized
on a 2% agarose gel. Overall, 46 individuals (24
males and 22 females) from Bohai Bay were
molecularly sexed, of which 12 samples were ran-
domly picked to repeat the PCR step; the results
were 100% consistent.

We developed nine PCR primers spanning the
hypervariable Domain 1 of the mitochondrial CR
and also the more conserved Domain 2 (Table
S3). In Godwits, a site in Domain 2 has been
shown to unambiguously discriminate between is-
landica and limosa (Lopes et al. 2013) and could
be a generally informative site for identification of
subspecies. Of all the combinations of primers, the
primer sets L130 (the laboratory of GELIFES,
University of Groningen) and H772 (Wenink et al.

© 2020 The Authors. Ibis published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union
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1994) worked for samples from all putative popu-
lations. This primer pair was used to sequence a
642-bp CR fragment for all samples. Each PCR
consisted of 1 pL extracted DNA, 4.16 pL. ddH,O,
10x buffer (100 mM Tris HCI, pH 8.8, 500 mM
KCl, 1% Triton X-100), 1.28 pL. dNTPs, 0.5 uL
MgCl,, 0.06 pl. Taq (Promega, Madison, WI,
USA) and 1 pL of each primer (L130: 5'-ACTTC-
CAACCGGGCAATACC-3’, H772: 5-AAA-
CACTTGAAACCGTCTCAT-3). Cycling was
performed with the following reaction conditions:
initial denaturation at 94 °C for 1 min, 30 cycles
of 30 s at 94 °C, 1 min at 54 °C, 2 min at 72 °C,
and final elongation at 72 °C for 10 min. Samples
were then purified following the SAPEXO enzy-
matic PCR cleanup protocol. Lastly, PCR products
were subjected to ABI Sanger sequencing with
both forward and reversed complements to obtain
overlapping forward and reverse sequences for
each sample.

For each sample, a pairwise alignment of the
forward and reverse sequence was created, which
was edited using the base-call quality information
of the electropherogram to obtain a consensus
sequence of the overlapping areas with unambigu-
ous bases. Editing was performed blindly, meaning
the sequence ID did not reveal the sampling loca-
tion, using GENEIOUS 8.1.9 (Auckland, New
Zealand). Subsequently, we named each consensus
sequence after the field sample name and sampling
location to facilitate hypothesis-driven analyses. To
determine the haplotypes and their frequency of
occurrence in our samples and to calculate genetic
diversity in mtDNA, we used DNASP v 5.0
(Librado & Rozas 2009). In the analyses, invariable
sites were included, and gaps were considered to
contribute to the haplotypic variation. The pack-
age Pegas in R v 3.6.0 was used to visualize the
haplotype network.

Next, we assigned all the samples to four puta-
tive population clusters corresponding to three
known subspecies and the putative population of
the Bohai Godwits. These hypothetical popula-
tions were inferred on the basis of the known dis-
tributions of Godwits and the mtDNA haplotype
networks. The mtDNA haplotype network indi-
cated that the samples from Shanghai were dis-
tributed over two distinct haplotype clusters. Our
field observations and ringing data (B.R.Z.
2014-2018 unpubl. data) also confirmed that dur-
ing the staging period, this site was used both by
the ‘large’ and ‘small’ Godwits, the latter probably

representing melanuroides. Unfortunately, for five
of the birds from Shanghai, the mtDNA data were
not matched with individuals from which morpho-
logical data were collected. Hence, in subsequent
analyses we excluded the seven samples from
Shanghai. One Icelandic sample appeared in the
haplotype cluster comprising the limosa samples
(this was also observed by Trimbos et al. 2014).
As this sample was collected during the breeding
season in Iceland, we considered this placement in
the limosa cluster to be a consequence of potential
gene flow. Thus, this individual was kept in the
limosa group for subsequent analyses.

To infer the evolutionary relationships among
populations, we only included haplotypes repre-
sented by more than 18 individuals (range:
18-42). We constructed a neighbour-joining phy-
logenetic tree in GENEIOUS 8.1.9 with the Bar-
tailed Godwit Limosa lapponica as an outgroup
(GenBank accession number AY524807.1; X.
Wang, Y. Sun and Q.-W. Li unpubl. data), using
the Tamura—Nei genetic distance model with 1000
bootstrap iterations. Finally, population pairwise
F,; tests (Tajima & Nei 1984) and an analysis of
molecular variance (AMOVA, Excoffier et al
1992) were performed to estimate the genetic dif-
ferentiation between each haplotype/putative pop-
ulation (ARLEQUIN 1.1.; Schneider et al. 1997).

RESULTS

Morphology

Black-tailed Godwits from Bohai Bay were signifi-
cantly larger than melanuroides in all body dimen-
sions for both sexes (Table S4, Fig. 3a—€). Female
Bohai Godwits were larger than males, and the
degree of sexual dimorphism was greatest for bill
length and least for wing length, a pattern consis-
tent with the three recognized subspecies (Table
S4).

A PCA of the body dimensions for the two
Asian populations showed that melanuroides and
the Bohai Godwits represented two separate clus-
ters (Fig. 3f). The body size of the Bohai Godwits
was more similar to that of limosa than to the
smaller islandica and melanuroides. The first two
principal components explained 94% (Table 1,
Fig. 4) of the variance (87.2 and 6.4% for PCI
and PC2, respectively). All vectors of body dimen-
sions were highly correlated with each other. The
vectors of sex pointed in opposite directions along

© 2020 The Authors. Ibis published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union
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Figure 3. (a—e) The bill, total head, tarsus, tarsus-toe and wing length of female (?) and male (3) Black-tailed Godwits from Iceland
(ISL, L. I islandica), The Netherlands (NL, L. /. limosa), NW Australia (AUS, L. I. melanuroides) and Bohai Bay (BHB); horizontal
lines within boxes represent the median, and dots represent mean values. (f) A PCA of morphometrics from Bohai Bay and northwest
Australia; the ellipses were constructed with a 95% confidence interval. [Colour figure can be viewed at wileyonlinelibrary.com]

the x-axis, meaning that males were smaller than
females in overall body size. The projection of me-
lanuroides on the far left of the x-axis (PC1) indi-
cated the smallest body size; on the far right of
the x-axis, limosa was the largest, with islandica
and the Bohai Godwits falling in between. The
Icelandic Godwits were only slightly smaller than

Table 1. Eigenvalues and cumulative percentage of PCA of
Black-tailed Godwits, using body dimensions (length of the bill,
total head, tarsus, tarsus to toe, wing) as vectors.

PC1 PC2 PC3 PC4 PC5

Eigenvalues 436 032 023 0.06 0.03

% of variance 8715 635 460 1.26 0.63

Cumulative % of 87.15 93.51 98.11 99.37 100.00
variance

PC1 and PC2 explained 93.5% of the cumulative percentage
of variance.

the Godwits from Bohai Bay. The projection of
the four populations on the y-axis (PC2; Fig. 4)
indicated that islandica and the Bohai Godwits
aligned on the same axis of body shape but were
different from limosa and melanuroides, which only
differ in size.

Genetic differentiation

Unambiguous consensus sequences of 482 bp of
the mtDNA CR were obtained for 195 individu-
als (GenBank accession numbers MT302861—
MT303055). Thirty-six mtDNA haplotypes were
identified among 27 sampling locations (Table
S2). Five haplotypes were common (found in
18-42 individuals each); overall genetic diversity
was 0.90. Four haplotype clusters could be distin-
guished (Fig. 5). Haplotype cluster I encompassed
27 of 28 samples from Iceland where islandica
breeds. Haplotype cluster II  encompassed

© 2020 The Authors. Ibis published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union


www.wileyonlinelibrary.com

454 B.-R. Zhu et al.

PC 2 (6.4%)
e

melanuroides

- aislandica

tarsus_toe

Female

bill

total _head

\ bohaii

0 2 4 6

PC 1 (87.2%)

Figure 4. PCA correlation of linear dimensions (bill length, total head, tarsus, tarsus to toe, wing) with sex and subspecies as

explanatory variables.

individuals sampled at locations from France to
Altai Krai in Russia, which is the breeding range
of limosa, and included one individual from Ice-
land (bk306, Fig. 5, Table S5). Note that the
two common haplotypes in this cluster did not
correspond with the eastern to western geograph-
ical distribution of limosa but were intermixed.
Haplotype cluster III included all samples from

Bohai Bay, Hong Kong, Vietnam and one Shang-
hai sample. Haplotype cluster IV included sam-
ples from the breeding range of melanuroides
from the Selenga Delta of Russia eastward,
including Inner Mongolia of China, as well as the
staging area in Shanghai, China (n = 6), and win-
tering range of melanuroides in northwest Aus-
tralia.
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The common haplotype in cluster I (all
belonging to the Bohai population) differed from
the common haplotype in cluster I (islandica) by
four mutations, and by four and nine mutations
from the common haplotypes in clusters II and III
(limosa), respectively. As many as 15 mutations
separated the common haplotype of cluster IV
(melanuroides) from cluster III (Fig. 5). The neigh-
bour-joining phylogenetic tree suggested that mela-
nuroides represented the oldest branch, followed
by a major split into two ‘sister’ branches, one of
which included both the islandica and the Bohai
haplotypes, and the other all limosa haplotypes
(Fig. S1). F; values supported this result for pair-
wise population differentiation, yielding significant
differentiation between all four clusters (Table 2).
The highest level of genetic differentiation was
observed between the Bohai Godwits and mela-
nuroides (Fy = 0.94, P < 0.0001), then with is-
landica (Fyx = 0.80, P < 0.0001) and limosa
(F = 0.60, P < 0.0001), respectively. The varia-
tion among subspecies with the Bohali Godwits
treated on their own was 90.67% and within sub-
species/Bohali was 9.33% (Fixation Index =

0.90668, P < 0.0001, AMOVA).

DISCUSSION

Our study confirmed that a morphologically large
population of Black-tailed Godwits shares the
EAAF with the melanuroides subspecies (Table
S4). In the single previous acknowledgement of
the presence of large birds in this flyway (Engel-
moer & Roselaar 1998), this was considered to
reflect geographical variation within melanuroides.
Genetic analyses revealed a distinct haplotype
cluster for the large Godwits from Bohai Bay and
similar birds from other non-breeding sites in the

Table 2. Population pairwise Fg; among the three known sub-
species and the hypothesized Bohai population of Black-tailed
Godwits.

islandica  limosa  Bohai melanuroides
islandica _ kokok kkk kokok
limosa 0.73 - kK HHK
Bohai 0.80 0.60 - HEE
melanuroides  0.95 0.92 0.94 -

Above the diagonal, P-value based on 100 permutations
(***P < 0.0001); below the diagonal, values comparing each
population to all others (distance method: Tajima & Nei 1984).

flyway (Fig. 5). Population pairwise F,; values indi-
cated high levels of segregation (0.60-0.95)
between the Bohai birds and the three described
subspecies (Table 2).

The mtDNA haplotype network recovered the
divergence among the subspecies melanuroides, is-
landica and limosa reported by Hégland et al.
(2009) and Trimbos et al. (2014), both of whom
used various genetic markers including the mito-
chondrial CR. We obtained lower node support in
the neighbour-joining phylogenetic tree for the
split between islandica and limosa (Fig. S1) com-
pared with Trimbos et al. (2014). The probable
reason for this difference is that Trimbos et al.
(2014) sequenced the highly variable Domains 1
and 3 of the CRs, whereas we chose to sequence
Domains 1 and 2 to ensure that we included the
site that unambiguously segregates islandica and
limosa (Lopes et al. 2013). However, Domain 2 is
less variable (Wenink et al. 1993). Thus, although
the haplotype network clearly segregates the sub-
species, the dataset contains fewer mutations,
which affects the node support values.

Our genetic results confirm the understood geo-
graphical boundary between the breeding ranges
of limosa and melanuroides. As suggested by previ-
ous morphometric analyses (Engelmoer & Roselaar
1998) and genetic studies (Hogland et al. 20009,
Trimbos et al. 2014), the turnover in subspecies
occurs in central Russia somewhere east of longi-
tude 84°FE and west of the Baikal region at 106°E.
Furthermore, we now shed light on an unexpected
finding by Elbourne (2011), who tested the
strength of the mitochondrial cytochrome oxidase
I (COI) barcoding gene (typically a species-level
marker) to detect sub-specific structure in Black-
tailed Godwits. She found an unexplained struc-
ture within melanuroides in which samples from
Australia and the Russian Far East formed a cluster
strongly differentiated from the other subspecies,
and samples from Vietnam clustered separately
from other melanuroides and much closer to
limosa. Our haplotype network based on the mito-
chondrial CR showed that all three samples from
Vietnam (including two of the same samples used
in the COI study) were clustered with the Bohai
Godwits  (Fig. 5), explaining the results of
Elbourne (2011) and suggesting that these two
populations have distinct non-breeding distribu-
tions.

Intriguingly, Elbourne (2011) also found that
two samples from the Selenga Delta did not
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cluster together at the COI locus, one grouping
with the Vietnam individuals and the other with
the expected melanuroides individuals. She specu-
lated that this might represent present-day contact
between the two groups. We were unable to repli-
cate this result, as all three Selenga samples in our
final dataset (by chance including neither sample
used by Elbourne) clustered with melanuroides
(Fig. 5). However, the COI results might indicate:
(1) that both populations breed in the Selenga
region, (2) that some level of genetic introgression
has occurred in the past or (3) that the samples
collected there are not from breeding individuals.
The Selenga delta is known as both a breeding and
a passage area for Godwits (Fefelov & Tupitsyn
2004, Groen et al. 2006). Individual tracking or
further genetic work will be required to describe
whether and how Bohai Godwits use this region.

Previous morphological and molecular studies
on sub-speciation of Black-tailed Godwits (Engel-
moer & Roselaar 1998) did not have sufficient
sampling to identify the ‘Bohai’ population. In this
study, with broader coverage of sampling locations
throughout the entire breeding range as well as
samples from several key stopover sites, breeding
and wintering locations in the EAAF, we were able
to uncover this population. Owing to the distinct
morphological and genetic characteristics, and the
potential isolation of breeding and wintering ranges
of Godwits sampled in Bohai Bay and associated
sites, we suggest this population should be consid-
ered a hitherto undescribed subspecies, new to
science. These results suggest that this newly rec-
ognized population warrants subspecies status (see
formal description below).

Among the nine major global flyways, the
EAAF has the highest diversity of migratory water-
bird species and the highest percentage of declin-
ing waterbird populations (Delany et al. 2010). At
the bottleneck of the flyway, the Bohai Sea is sur-
rounded by one of the most populated and indus-
trialized regions of China. It experiences very high
pollution levels (Gao & Chen 2012) and loss of
ecosystems due to land claims (Conklin et al.
2014, Ma et al. 2014, Melville et al. 2016, Piersma
et al. 2016). On the other hand, Bohai Bay is cru-
cial for many waterbird species and is used annu-
ally as a staging area by more than 1% of the
flyway population of Black-tailed Godwits (Lei
et al. 2018). At the species level, Black-tailed God-
wits are declining and considered Near-Threatened

on the global Red List (BirdLife 2017). We
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demonstrate that the current understanding of the
seasonal distribution and population-size estimates
for the ‘eastern Godwits’ has been based on a
combination of melanuroides and the ‘Bohai’ popu-
lation. A re-evaluation of the eastern Black-tailed
Godwit populations will provide the continuing
support to maintain and extend the ban on coastal
reclamation in China (Chinese Government
2018), and the filling of knowledge gaps, particu-
larly the identification of the spatial and temporal
distributions of the two populations in the flyway,
for example by satellite tracking (Chan et al.,
2019, Zhu, et al. 2020), should now receive
priority.

Limosa limosa bohaii subspecies nov

Holotype

Specimen no. BNU-10098, Zoological and Botani-
cal Museum of the Beijing Normal University,
China, preserved as a study skin: adult female col-
lected on 16 April 2018 at Hangu, Tianjin, China,
by Bing-Run Zhu (Fig. 6a,c). This bird is unlikely
to have shown full development of the alternate
plumage (compared with the limosa subspecies;
Schroeder et al. 2008, 2009).

Description of holotype

Forehead, crown, nape and ear coverts 70%
French Grey. Chin 20% French Grey. Supercilium
10% French Grey. Eye stripes 50% French Grey.
Mantle and back Sepia. Wing coverts between
Light Umber and 90% French Grey with 20%
French Grey edges. Primaries, secondaries and
axillaries Dark Umber, tertials 70% French Grey.
Rump, upper tail coverts and base of tail between
Light Umber and 10% French Grey, and distal tail
Black with 50% French Grey tail tip. Throat to
foreneck 40% French Grey. Chest French 40%
Grey with Bronze and Dark Brown bars. Belly
and flanks between Light Umber and 5% French
Grey. Vent 10% Warm Grey. Undertail coverts
30% French Grey. Bill 102.2 mm, tarsus
78.3 mm, wing 218 mm (colour coding refer-
ences: Prismacolor).

Paratype

Specimen no. BNU-10099, Zoological and Botani-
cal Museum of the Beijing Normal University,
China, preserved as a study skin: adult female col-
lected on 18 April 2018 at Hangu, Tianjin, China,
by Bing-Run Zhu (Fig. 6b,d).
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Figure 6. Holotype (a, c) and paratype (b, d) of Limosa limosa bohaii subsp. nov. Upper, dorsal and lower ventral aspects.

Description of paratype between Bronze and Light Umber. Chin 20%
Forehead, crown between Light Umber and Sepia French Grey. Supercilium 10% French Grey. Eye
with 90% French Grey dots. Nape and ear coverts stripes Sepia. Mantle and back between Light
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Umber and Sepia, some mantle feathers Ginger
Root with Sepia fringes. Wing coverts between 30
and 50% French Grey with 10% French Grey
edges. Primaries, secondaries and axillaries Dark
Umber, and tertials 70% French Grey. Rump,
upper tail coverts and base of tail between Light
Umber and 20% French Grey, and distal tail Black
with 50% French Grey tail tip. Throat 20% French
Grey. Foreneck and upper chest between Bronze
and Light Umber with Dark Brown and Sepia bars
and dots. Lower chest, belly and flanks between
Beige, Ginger Root and 10% French Grey with
Dark Brown bars. Vent 10% Warm Grey. Under-
tail coverts 30% French Grey. Bill 101.7 mm, tar-
sus 80.2 mm, wing 218 mm.

Etymology

The chosen scientific name refers to the area in
China (Bohai) where the story of this subspecies
unfolded. The finding of this new subspecies of
the Black-tailed Godwit in the EAAF will hope-
fully raise awareness for the conservation of migra-
tory birds and wetlands in China.

Diagnosis

Significantly larger than L. L. melanuroides on each
examined dimension. Bill length:  bohaii
Q106 + 5 mm, 393 + 3 mm; melanuroides
Q85 £ 5 mm, 374 £ 4 mm. Total head length: bo-
haii 141 £ 8 mm, & 127 £+ 6 mm; melanuroides
Q119 & 6 mm, 3107 £ 5 mm. Tarsus length: bo-
haii Q73 £ 3 mm, &69 4+ 2 mm; melanuroides
Q68 & 3 mm, 363 & 3 mm. Tarsus toe length: bo-
haii Q122 +£ 6 mm, 3115 & 4 mm; melanuroides
109 + 4 mm, 3102 & 3 mm. Wing length: bo-
haii 9209 + 6 mm, 3200 + 4 mm; melanuroides
Q205 + 6 mm, 3194 + 7 mm.

Body size resembles L. I limosa with a possibly
lighter alternate plumage, but wing length is
shorter than in islandica and limosa in both sexes:
bohaii 9209 + 6 mm, 3200 + 4 mm; islandica
9224 + 6 mm, 3214 + 6 mm; limosa
Q225 4+ 6 mm, 3212 + 6 mm.

Distribution

The new subspecies bohaii probably breeds in the
Russian Far East. Based on the breeding range of
the eastern Godwits population within the EAAF,
only two locations in the Russian Far East were
not covered by our study (Fig. 2). One is Chu-
kotka, while the other is the central part of Sakha
Republic. The morphological data from Chukotka

A novel subspecies of Black-tailed Godwit 459

suggested the occurrence of melanuroides (Engel-
moer & Roselaar 1998). Hence, Sakha Republic is
more likely to be the breeding ground of bohaii. In
the non-breeding season, sightings were reported
in Hong Kong, Vietnam (B.R.Z. 2014-2018,
unpubl. data), Thailand (Chengxin Yu pers.
comm.) and Malaysia (John Howes pers. comm.).
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SUPPORTING INFORMATION

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

Figure S1. Neighbor-joining phylogenetic tree
based on sampling locations. The outgroup is Bar-
tailed Godwit Limosa lapponica. Numbers indicate
node support values from 1,000 bootstrap itera-
tions.

Table S1. Banding information of Black-tailed
Godwits from Iceland (L. L islandica), The
Netherlands (L. l. limosa), NW Australia (L. L. me-
lanuroides) and Bohai Bay.

Table S2. Details of populations sampled for
DNA (n: sample size, nh: number of haplotypes).
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Table S3. Details of primers tested in Black- limosa), NW Australia (L. [. melanuroides) and
tailed Godwits to sequence the mitochondrial con- Bohai Bay (Results are means = sd).
trol region. Table S5. IDs, localities, subspecies and Gen-
Table S4. Morphometrics and degree of sexual Bank accession numbers of 195 individuals
dimorphism (DSD) of Black-tailed Godwits from sequenced for the mtDNA control region.

Iceland (L. L islandica), The Netherlands (L. L
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