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Abstract  The Hooded Crane (Grus monacha) is a waterbird wintering in the wetlands of the middle 

and lower reaches of the Yangtze River, China. The gradual habitat loss resulting from wetland deg-

radation may have posed negative effects on the structure of our wintering populations. For its effec-

tive protection, it is important to conduct an intensive study on the genetic structure of this popula-

tion. A total of 221 faecal samples, nine feather samples and four muscle samples of Hooded Cranes 

from four wintering populations, i.e., from Caizi Lake and Shengjin Lake in Anhui, Poyang Lake in 

Jiangxi and Chongming Dongtan in Shanghai, were collected for this study. Full-length 1103–1104 

bp mtDNA D-loop sequences from 72 samples were amplified using PCR. Based on our amplified 

D-loop sequences and the sequences of two individual birds obtained from GenBank (AB017625 and 

AB023813), we analyzed the genetic structure of these four wintering Hooded Crane populations. 

Twenty six variable sites were found among 72 target sequences in the four wintering populations 

and 23 haplotypes were defined. Genetic diversity analyses showed that the haplotype diversity of 

Hooded Cranes was 0.823 ± 0.042 with a nucleotide diversity of 0.00157 ± 0.00021. The F
ST 

values ​​of 

the four populations show that there is no significant genetic differentiation among the populations 

of Hooded Cranes wintering in the middle and lower reaches of the Yangtze River. Tajima’s D and Fu’s 

tests suggest that the Hooded Crane populations may have experienced population expansion in their 

evolutionary history. 
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Introduction

Genetic diversity is the basis for evolutionary poten-

tial and environmental adaptability of species, hence 

recognizing the genetic background of a target species 

is extremely important (Frankham et al., 2002). The 

genetic structure of the population of a species depends 

on both historical events and current processes (Avise, 

1994). A good understanding of the genetic structure of 

populations can support the design of an effective con-

servation program for a species (Zhang et al., 2010).

The Hooded Crane (Grus monacha) is a large migra-

tory wading bird, designated as vulnerable in the IUCN 

Red List (IUCN, 2011), and as a First-class National 

Protected Wild Animal species in China. During the 

past two decades, due to habitat loss, hunting, pollu-
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tion, pesticides and human activities, the population of 

the Hooded Crane has undergone a precipitous decline 

(BirdLife International, 2001).

The cranes winter in Japan, South Korea and China 

(BirdLife International, 2001). The lakes and coastal 

intertidal zones in the middle and lower reaches of the 

Yangtze River are major wintering areas for these birds. 

Delany and Derek (2006) estimate that there are about 

1000–1500 individuals of this species wintering in Chi-

na. The main wintering sites are Shengjin Lake (about 

300) (Xu et al., 2006) and Caizi Lake (276) (Zhang, 

2006a) in Anhui, Poyang Lake (255) in Jiangxi (Ji and 

Zeng, 2006) and Chongming Dongtan in Shanghai 

(about 130) (Zhang, 2006b). However, more recently, 

due to human disturbances, lake wetlands have become 

seriously degraded and habitats for the wintering popu-

lation are constantly losing (Wang and Yan, 2002). The 

status of the population has become of major concern. 

In order to improve conservation of wintering popula-

tions, it is necessary to have a more thorough knowl-

edge about the status of both their habitat and genetic 

background.

Non-invasive sampling is an important approach for 

studying conservation genetics of endangered wildlife 

(Li et al., 2001). Faecal sampling is one of the simplest 

non-invasive sampling methods with minimal im-

pact on animals (Wang, 2001). At present, faecal DNA 

analysis has been successfully applied in studies of Otis 

tarda (Broderick et al., 2003; Idaghdour et al., 2003), 

Tetrao urogallus (Regnaut et al., 2006a, 2006b; Jancob et 

al., 2010), Ardeotis nigriceps (Ishtiaq et al., 2011), Grus 

janponensis (Honma et al., 2011), G. monacha (Dai and 

Zhou, 2011; Honma et al., 2011), G. vipio (Honma et 

al., 2011), as well as other threatened or endangered 

bird species.

In this study, using feces as sources of DNA samples, 

we analyzed the genetic diversity of Hooded Crane 

populations wintering in the major wetlands in the 

middle and lower reaches of the Yangtze River based 

on the mtDNA D-loop sequences. The objectives of 

this study were to understand the genetic diversity and 

structure of these populations and to accumulate basic 

data concerning the conservation genetics of the win-

tering populations.

Materials and method

Sample collection 

Samples were collected from four wintering Hooded 

Crane populations (Fig. 1). Before faecal samples were 

collected, the foraging areas and overnight roosts of the 

cranes were observed with binoculars or telescopes. The 

minimum distance among individual birds observed 

was about 1–2 m. Fresh faecal samples were collected 

immediately after the cranes flew away to their foraging 

ground or the next morning at the overnight roosts. In 

order to avoid that each sample came from the same 

bird, we collected samples at each sampling location 

only once, with a minimum distance between samples 

of at least 2 m. We used disposable PE gloves to collect 

samples, which were placed into 50 mL centrifuge tubes 

and then 2 to 3 times its volume of absolute ethyl etha-

nol was added to preserve the samples. A total of 221 ​​

faecal samples were collected, consisting of 84 samples 

from Shengjin Lake (SJ), 61 from Caizi Lake (CZ), 30 

from Poyang Lake (PY) and 46 from Chongming Dong-

tan (DT). 

In addition, nine down feather samples from winter-

ing cranes in Shengjin Lake and four muscle samples 

from dead birds found in the Shengjin Lake National 

Nature Reserve during 2008–2011 were collected. The 

feather and muscle samples were placed at −20°C.

DNA extraction, PCR amplification and sequencing

DNA was extracted from faecal samples using the im-

proved method of Guanidine Thiocyanate and Glass 

Milk (Reed et al., 1997; Dai and Zhou, 2011). After 

DNA was extracted, 70% ethanol was added to wash it 

2–3 times. After air drying, 50 µL of ddH
2
O was added. 

DNA from each faecal sample was extracted repeatedly 

four times, after which the extracted DNA was pooled 

and purified (Zhao et al., 2005; Regnaut et al., 2006b). 

DNA extraction from feather and muscle samples 

was carried out using the conventional but improved 

Protease-Phenol/Chloroform method (Sambrook et al., 

1989; Zan et al., 2008).

LC16004 (5′-GAG CCC TAG AAA ACA AAA TA-3′), 
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LC16575 (5′-ACA AAA GAA ACC CCC AAA CTC A-3′) 
and HC01342 (5′-AAG AAT TCT GCG GAT ACT TGC 

ATG T-3′) were chosen as primers for the amplification 

of DNA D-loop sequences of mitochondria of Hooded 

Cranes (Hasegawa et al., 1999). The PCR mix (50 μL) 

comprised of 3−5 μL of an extract, 0.2 μM of each 

primer, 0.4 mg/mL of BSA and 1 × EasyTaq PCR Super-

Mix (Trans). Cycling parameters consisted of an initial 

denaturation at 94°C for 3 min followed by 35 amplifi-

cation cycles of 45 s at 94°C, 1 min at 58°C and 1 min at 

72°C with a terminal cycle of 10 min at 72°C (Hasegawa 

et al., 1999). The amplified products were detected with 

a gel imager after electrophoresis for 30 min at 120 V 

with 1.5% EB-agarose gel. Finally, a two-way sequenc-

ing was performed on the purified PCR products (San-

gon Biotech (Shanghai) Co., Ltd.).

Data analysis

MtDNA D-loop sequences of two Hooded Cranes 

wintering in Japan were obtained from GenBank 

(AB017625 and AB023813). The SeqManII program 

from the DNASTAR software package (Burland, 2000) 

was used to match the coupled sequences of one sample 

and compared them with the sequences from Gen-

Bank in order to confirm the target sequences. A total 

of 72 mtDNA D-loop sequences were obtained for 

genetic analysis. The sequences were aligned using the 

Clustal W in MEGA4.0 software (Tamura et al., 2007); 

haplotypes were identified by DAMBE (Xia and Xie, 

2001). We had submitted the data from these haplo-

types to GenBank and received the accession numbers 

(JQ015266-JQ015288).

As the representatives of the Japanese wintering 

population (JA), the two sequences obtained from 

GenBank were analyzed. Haplotype (h) and nucleotide 

diversities (π) were calculated using Dnasp5.10 software 

(Rozas et al., 2003). Genetic differences between popu-

lations (F
ST

) were obtained by analysis in Arlequin3.11 

software (Excoffier et al., 2005), Tajima’s D (Tajima, 

1989) and Fu’s F
S
 (Fu, 1997) tests were performed by 

Dnasp5.10 (Rozas et al., 2003). The validity of the esti-

mated demographic model was tested via Arlequin3.11 

(Excoffier et al., 2005) from the distribution of a SSD 

Fig. 1  Study sampling sites of the Hooded Crane Triangles indicate the location of the four populations
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test between the observed and an estimated mismatch 

distribution (Bootstrap test with 1000 replicates). We 

estimated the time since population expansion accord-

ing to the relation t = τ/2μk, where τ is the relative mea-

sure of the time since population expansion, calculated 

from the data, μ the rate of mutation and k the length 

of the sequence (Rogers et al., 1992).

Phylogenetic analyses of different haplotypes were 

performed in MEGA4.0 (Tamura et al., 2007). Neigh-

bor-joining (NJ) trees were constructed based on the 

Kimura 2-parameter Distance (Bootstrap test with 1000 

replicates); simultaneously, we took G. grus homolo-

gous sequences as the outgroup (GenBank FJ769849). A 

haplotype network diagram was constructed using the 

Median-joining method by Network4.600 (www.fluxus-

engineering.com).

Results

Sequence characteristics and haplotype distribution

The full-length of 72 D-loop sequences of the four 

Hooded Crane wintering populations from the middle 

and lower reaches of the Yangtze River was restricted 

between 1103 and 1104 bp containing 26 variable sites 

(2.4%), consisting of eight parsimony-informative sites, 

16 singleton sites, one deleted site and one inserted site. 

The base composition analysis of D-loop sequences 

Table 1  Distribution of twenty-three haplotypes of the D-loop gene in four populations of the Hooded Crane

Haplotype GenBank accession 
number

Population Total

Shengjin Lake  
(SJ)

Caizi Lake 
(CZ)

Poyang Lake 
(PY)

Chongming Dongtan 
(DT)

H01 JQ015266 3 1 4

H02 JQ015267 1 1 2

H03 JQ015268 10 12 4 3 29

H04 JQ015269 1 1

H05 JQ015270 1 3 1 5

H06 JQ015271 1 3 2 6

H07 JQ015272 1 3 4

H08 JQ015273 1 1

H09 JQ015274 1 1

H10 JQ015275 2 2 4

H11 JQ015276 1 1 1 3

H12 JQ015277 1 1

H13 JQ015278 1 1

H14 JQ015279 1 1

H15 JQ015280 1 1

H16 JQ015281 1 1

H17 JQ015282 1 1

H18 JQ015283 1 1

H19 JQ015284 1 1

H20 JQ015285 1 1

H21 JQ015286 1 1

H22 JQ015287 1 1

H23 JQ015288 1 1

Total 28 27 8 9 72
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of Hooded Cranes showed the following: the average 

contents of A, G, C and T bases were 30.48%, 14.77%, 

25.55% and 29.20% respectively; the content of A + T 

(59.68%) was higher than that of G + C (40.32%).

A total of 23 haplotypes were defined (Table 1). 

Among these, H03 was the haplotype shared by all four 

populations wintering in China; H05 was shared by CZ, 

PY and DT, H06 by CZ, SJ and DT, H11 by CZ, SJ and 

PY, while H01, H02, H07 and H10 were shared by CZ 

and SJ. The remaining haplotypes were unique to each 

population, among which three haplotypes were from 

CZ, nine from SJ and three from DT.

Genetic diversity

Haplotype diversities of the mitochondrial control re-

gion for the four wintering populations of the Hooded 

Crane in China ranged between 0.679–0.889 with the 

maximum occurring in the DT population (h = 0.889 

± 0.091) and the minimum in the PY population (h 

= 0.679 ± 0.122). Although the haplotype diversities 

were relatively high, the nucleotide diversities were low 

(between 0.00071–0.00295) with the maximum oc-

curring in the DT population (π = 0.00295 ± 0.00094) 

and the minimum in the PY population (π = 0.00071 ± 

0.00018). The average haplotype diversity and nucleo-

tide diversity for the four wintering populations was h 

= 0.823 ± 0.042 and π = 0.00157 ± 0.00021 respectively 

(Table 2).

Genetic structure

Population differences (F
ST

), based on the frequency 

of the haplotype distribution, showed that the genetic 

difference between the CZ and Japanese populations 

was the largest (0.60057) and that between the SJ and 

PY populations the lowest (−0.00261) (Table 3). On the 

whole, the values of F
ST

 among the four wintering pop-

ulations in China were lower than those of the Japanese 

population.

According to the NJ tree, its construction based on 

the Kimura 2-parameter Distance, the haplotypes of 

Hooded Cranes were mixed in the gene-tree without 

significant geographic differentiation (Fig. 2). The dif-

ferentiation between haplotypes was small, with its 

result supported by network diagram analyses (Fig. 3). 

From the network construction of haplotypes, it can be 

observed that the haplotypes of the SJ population are 

more widely distributed; most of the mutations were 

one-step mutations, where the number of mutation 

steps between adjacent haplotypes H07 and H24 was 

the largest (7 steps).

Analysis of population dynamics 

The mismatch distribution of the Chinese populations 

Table 2  Sample size (n), haplotype diversity (h) and nucleotide diversity (π) in four populations of the Hooded Crane, with the 

results of Tajima’s and Fu’s neutrality tests. 

Population n Haplotype diversity h Nucleotide diversity π Tajima’s D test Fu’s F
S
 test

SJ 28 0.870 ± 0.058 0.00171 ± 0.00027 −1.86644* −12.83357**

CZ 27 0.792 ± 0.074 0.00123 ± 0.00020 −1.07116 −6.64340**

PY 8 0.679 ± 0.122 0.00071 ± 0.00018 0.06935 −0.22360

DT 9 0.889 ± 0.091 0.00295 ± 0.00094 −1.77149* −0.974

Total 72 0.823 ± 0.042 0.00157 ± 0.00021 −2.10951* −19.351**

* 0.01 < p < 0.05; ** p < 0.01.

Table 3  Population differentiation (F
ST

, below diagonal) among 
four populations of the Hooded Crane 

SJ CZ PY DT

SJ 

CZ −0.00237

PY −0.00261 −0.00106

DT 0.01191 0.01384 0.02013

JA 0.52552** 0.60057** 0.59739* 0.32440

* 0.01 < p < 0.05; ** p < 0.01.
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appeared to be a unimodal shape (Fig. 4). Tajima’s D and 

Fu’s F
S
 were both significantly negative (D = −2.10951, 

p < 0.05; F
S
 = −19.351, p < 0.01) (Table 2), indicating 

that population expansion had occurred in the history 

of the Hooded Crane population. Demographic param-

eters estimated by mismatch analyses corresponded to 

a null model of population range expansion (τ > 0, θ
1 

> θ
0
) that could not be rejected (p-values of SSD and 

Harpending’s Raggedness index were 0.604 and 0.530 

respectively).

Discussion

Genetic diversity

Nucleotide diversity (π) is an important indicator for 

measuring mtDNA genetic diversity of populations, 

because it takes into account the proportions of each 

mtDNA haplotype in populations (Nei, 1987). In our 

study, the nucleotide diversity (0.00157 ± 0.00021) was 

lower when compared to other cranes, such as G. japo-

Fig. 2  Phylogenetic tree of mtDNA D-loop haplotypes based on a Neighbor-joining method. Haplotype codes are the same as in 
Table 1; numbers at nodes indicate the bootstrap values from 1000 replications.
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Fig. 3  Minimum spanning network of haplotypes based on a Median-joining method. The names of haplotypes are the same as in 
Table 1; the size of circles roughly represents the number of individual birds. Black spots represent interior nodes, which do not ap-

pear in the samples. The number on the lines represents mutational steps among different haplotypes; lines without a number imply a 

single mutation.

Fig. 4  Mismatch distribution of the four Chinese populations of the Hooded Crane. Bars in the histogram indicate observed frequen-
cies, while the line indicates the expected distribution based on a model of sudden population expansion. The abscissa represents the 

number of differences and the ordinate represents number of pairs.
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nensis (Hasegawa et al., 1999), G. leucogeranus (Pono-

marev et al., 2004), G. canadensis (Rhymer et al., 2001) 

and G. americana (Glenn et al., 1999). It suggests that 

the genetic diversity of the Hooded Crane is relatively 

poor.

The results of the high haplotype diversity (0.823 ± 

0.042) and low nucleotide diversity (0.00157 ± 0.00021) 

in the Hooded Crane populations suggest that it may 

be in a period of rapid increase in size starting from a 

small effective population. Furthermore, the mismatch 

distribution (Fig. 4) and neutrality tests (D= −2.10951, 

p < 0.05; F
S
 = −19.351, p < 0.01) show that the popu-

lation experienced expansion. To our knowledge, no 

detailed molecular clock calibrates the Hooded Crane 

mtDNA D-loop sequence. Divergence rates for the 

Cyt b gene in cranes is 0.7%–1.7% per million years 

(Krajewski and King, 1996). The mutation rate of the 

D-loop gene is approximately 2.8–5 times faster than 

that of other gene segments (Avise et al., 1987), so we 

estimated that the time since the population started to 

expand was about 8900–38000 years ago (τ = 1.676). 

These events occurred during a relatively limited time 

period, enough to increase haplotype diversity, but in-

sufficient to improve nucleotide diversity.

Genetic structure

In natural populations, genetic structures will change 

significantly by a decline in the size of a population 

as well as by habitat fragmentation. Furthermore, 

increased inbreeding and genetic drift will result in 

the loss of genetic heterogeneity and diversity (Li et 

al., 2000). In our study the F
ST 

values, obtained from 

multiple comparisons showing no significant genetic 

differences, were detected among the four wintering 

populations of the Hooded Crane in China (Tables 3). 

Their lack of phylogeographic structures (Fig. 2 and 3) 

indicate that close relations exist among these winter-

ing populations. The reason may be that they originate 

from the same breeding ground, or that the strong 

flying ability of migratory birds is not subject to geo-

graphical isolation (Crochet, 2000). Some studies have 

proven that migratory birds have difficulty in forming 

population subdivisions, such as the Ciconia boyciana 

(Zan et al., 2008), Locustella pryeri sinensis (Zhang et 

al., 2010), Branta bernicla hrota (Harrison et al., 2010), 

Limosa limosa limosa (Trimbos et al., 2011) and several 

other migratory birds.

It must be noted that there are significant genetic dif-

ferences between the Chinese and Japanese populations 

of the Hooded Crane (Table 3), suggesting that there 

may be some degree of genetic differentiation between 

them. However, due to the small number of birds in the 

Japanese population sample, it is necessary to increase 

the number of samples in order to increase our knowl-

edge about the genetic differentiation of these cranes. 

Furthermore, due to this limited number of samples 

and the possibility of repeated faecal collection, the in-

formation obtained may be of limited value. It becomes 

therefore necessary to collect more samples and as well 

to use SSR for individual identification and analysis of 

genetic structures in any future study.

Implications for conservation

In this study, we have come to the realization that the 

genetic diversity of this species is poor. In recent years, 

human activities have given rise to habitat loss, pol-

lution and pesticides, which has resulted in a decline 

in the size of our Hooded Crane population (IUCN, 

2011). In general, the main reason for loss of genetic 

diversity in a species is a small or declining population. 

Inbreeding and loss of genetic diversity are inevitable 

in small populations of threatened species (Frankham 

et al., 2002). Over the short term, a poor genetic back-

ground would lower the fertility and survival rate of 

species; in the long run, loss of genetic diversity will 

diminish the capacity of populations to evolve in re-

sponse to environmental change (Zan et al., 2008).

Hooded Cranes depend strongly on their habitat. 

Their habitat should be a key consideration for the 

development of conservation and management strate-

gies, not only in wintering areas but also in breeding 

and migration areas. Expanding their habitat is use-

ful for restoring population size, as well as improving 

the adequacy of individual birds to avoid inbreeding 

and genetic drift. Sufficient time should be allotted to 

accumulate effective nucleotide variation to improve 
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the genetic diversity and evolutionary potential of this 

population.
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基于线粒体D-loop序列的白头鹤越冬种群遗传结构研究

张黎黎，周立志，代艳丽

（安徽大学资源与环境工程学院，安徽大学生物多样性与湿地生态研究所，合肥，230601）

摘要：白头鹤（Grus monacha）是我国长江中下游湿地的越冬水鸟，湿地退化导致栖息地逐渐丧失，影响越冬种

群的稳定，开展种群遗传结构研究对越冬白头鹤的有效保护具有积极意义。本研究共采集安徽菜子湖、升金湖、

江西鄱阳湖、上海崇明东滩 4 个白头鹤越冬地粪便样品 221 份、羽毛样品 9 份和肌肉样品 4 份，从中获得了 72

份样品的 mtDNA 控制区（D-loop）1103−1104 bp 序列。结合从 GenBank 获得的两个来自日本的白头鹤个体序列
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（GenBank AB017625、AB023813），对越冬种群进行了遗传结构分析。长江中下游4个越冬种群共发现26个变异位点，

定义了 23 种单倍型。遗传多样性分析结果显示，白头鹤单倍型多样性（h）为 0.823 ± 0.042，核苷酸多样性（π）

为 0.00157 ± 0.00021。各个种群 F
ST
值表明我国长江中下游各种群之间无显著的遗传分化。两种中性检验（Tajima’s 

D = −2.10951, p < 0.05；Fu’s F
S
 = −19.351, p < 0.01）分析结果表明，白头鹤在进化史上可能经历了种群扩张。

关键词：Grus monacha，单倍型，遗传结构，粪便DNA，种群扩张


